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PREFACE. 





THE © Principal Triangulation: ‘of the United Kingdom, "which was commenced in 1783, 


under General Roy, for the more immediate “ ‘purpose: of coinecting. the Observatoriés -of os 


Greenwich and Paris, and determining the difference of longitude between ; them, has been 


gradually extended, under the successive ‘direction of Colonel: Williams, ‘General Mudge, — 


General Colby, Colonel “Hall, and myself, over the entire United Kingdom, to form. the 
basis of the National Survey ; ; it is now finished, and an. account of all” the. ‘operations 


connected with the work ‘is ‘given in this volume. 


| But. the details of the ne: of the bases, with a full description of the instru- 
ments employed. for taking the angles between the Trigonometrical Stations and the Astro- 


nomical Observations, and a full account of the successive steps which have been taken in the 


progress of the work, will be found in the previously published works of the 2 Survey, a_list 


of which 1s subjoined. 


ne 
* as 
a 


I have also given a list of the names.of-all the Officers and Non-commissioned Officers 


who have been personally engaged either in the. measurement of the Bases or in taking 


- Trigonometrical or Astronomical Observations, and I deeply regret that the late: » shay : 


Major-General Colby, who for twenty-seven years held the office of Superintendent . of 


the Survey, and under .whose able direction the Triangulation .was extended over the 


whole of Ireland and the far greater portion of Great Britain, did not survive to see. the” 6 5 


results of this great work to ‘the. public. 


1 


The voluminous panies dunnestdd with the reduction of the. observations have 


‘been made by Lieutenant-Colonel Yolland,. Captain Cameron, and Captain Alexander Clarke, 


a) 


. 
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PREFACE. 


assisted by Quartermaster Young and Mr. O'Farrell, and a great number of computers ; 
but the chief and most important portion of the work, including all-the calculations connected 


with the determination of the Figare, Dimensions, an Mean Specific Gravity of the Earth, 
has been performed by Captain Clarke. ; 


we et me mete 


I gladly avail myself of this nonin of expressing my best thanks ‘to G. B. Airy, 


Esq., the ‘Astronomer Royal, for the valuable advice and’ assistance which we have. ‘uniformly 


ry “e # ed cigs e ~ . a _o« 
ame “es o«s - - « e.6 ~K 


received ‘from him ‘during the progress’ of the work. 
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List of Published Works of the Ordnance Survey.* 


An Account of the Operations carried on for Accomplishing a Trigonometrical Survey of England and Wales, &c. 


By Order of the Honourable Board of Ordnance, ‘By Captain Mudge, R.A., Mr. Dalby, and Captain Colby, RE. 
3 vols. - — | nn 


Astronomical Observations made with Ramsden’s Zenith Sector, &c. Published by Order of the Honourable Board of 
* Ordnance. 1842. yee 


An Account of the Measurement of the Lough Foyle Base in Ireland, &c. Published by Order of the Honourable 
Board of Ordnance. By Captain William Yolland, Royal Engineers, F.R.A.S. 1847. 


~ Astronomical Observations made with Airy’s Zenith Sector from 1842 to 1850, &c. Published by Order of the 
_Master-General and Board of Ordnance. By Captain William Yolland, Royal Engincers, F.R.A.S. 1852. 


Abstracts from the Meteorological Observations taken at the Stations of the Royal Engineers in the Year 1853-4 
Edited by Licut.-Colonel H. J ames, R.E., F.R.S., MAR.LA,, F.G.S., &e. - 


Abstracts of Principal Lines of Spirit Levelling in Ircland carried on during the Years 1839 to 1843, &c. - Published 
by Order of the Master-General and Board of Ordnance. Edited by Captain Cameron, R.E, 1855. 


Meteorological Observations taken during the Years 1829 to 1852 at the Ordnance Survey Office, Phoonix Park, 
Dublin. Published by Order of the Honourable Board of Ordnance. Edited by Captain Cameron, R.E, . 1856. 


_ Account of the Observations and Calculations of the Principal Triangulation, and of the Figure and Mean Density 


of the Earth, &c. Published by Order of the Master-General and Board of Ordnance. Edited by Captain 
Alexander Clarke, Royal Engincers, F.R.A.S. 18 58. a oe 
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~ Names OF THE OFFICERS, N ON-COMMISSIONED. OFFICERS, AND - OTHERS -WHO - WERE EMPLOYED ON THE. 
MEASUREMENT OF THE BAsEs. 


wt 


Bases. a . oH x Se 8 Names. 
hn a a se He Na 


Ses Major-General Roy, R.E., Dr. Usher, and Mr. Dalby, assisted occasionally by 
Hounslow Meats 784 ne | - Lieutenant-Colonel Calderwood, Horse Guards, and Licutenant- Colonel Pringle, 


RE. 
H 
cunslow Heath, r791—Sieel Colonel E. Williams, R.A., Major-General Mudge, R.A:, and Mr. Dalby. 
Salisbury, E704 ei cctrcansens ieeatr Major-General Mudge, R.A., and Mr. Dalby. — 
- Misterton Carr, 1801 biuesesSauye. ‘Major- -Gencral Mudge, R.A., and Mr. Woolcot, assisted occasionally by Mr. Berge. 
Rhuddlan Marsh, 1806 ...... ... | Major-General Colby, R.E., and Mr. Woolcot. 


scssceccsscceesees | Major-General Colby, R.E., and Mr. Gardner. 
Lough Foyle, 1827-8 vscesees { Major-General Colby, R.E., Licutenant-Colonel Pringle, R.E., Captains Henderson 
and Drummond, and Tieutonants Murphy and Mould, R.E. 
Sergeant-Major Steel, R.E., Sergeant Jenkins, R.E., and Corporal Harkin, R.E.. 
Salisbury, 1848 . sssecesecveveeeeee | Captain Gosset, R.E., was necent at the commencement, and Captain Hawkins, R.E., 
: at the ter mination: : 
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Belhelvie, 1817 


NAMEs OF THE Onrieans, N ON-COMMISSIONED OFFICERS, AND OTHERS WHO WERE EMPLOYED ~ OBSERVING 
| | WITH TITE LARGE INSTRUMENTS. 
Officers. | . Stations. | 7 
a = : ‘ pr er mt 
Major-General Roy, R.E. ...... The Triangulation for connecting. Cheonwieh and Dunkirk. 

‘Hanger Hill; St. Ann’s; Hampton Poorhouse; King’s Arbour; Banstead; Leith 

Maj Lon 6 Hill; Butser; Ditchling ; Dunnose; Beachy Head ; Fairlight ; Crow pergien 

7 eneral W.1 poeey A.. Dean Hill; Four Mile Ston¢ ; Old Sarum Gun ; Beacon Hill; Wingreen ; 

: Blackdown; Pillesdon ; Karnminnis ; Maker ; Hensbarrow ; St. =a 
oY Pertinny ; Karnbonellis ; : Deadman ; Trevose ; Mendip ; ; Inkpen. eee 

| Plynlimmon ; Cyrn-y-Brain ; Tlanelian; Garreg ; Delamere ; Moelfre isa: ; 

Axedge; Whittle Hill; Ingleboro’; Balta; Kellie Law; Cowhythe ; Knock ; 

Mount Battock ; Calton Hill; Wart Fell ; Dunrich ; East Lomond; Glashmeal ; 

. Ben Cleugh ; Ben Lomond ; Corryhabbie ; Ben Wyvis; Ben Cheilt ; Fair Isle ; 

Foula ;. Ronas ; Yell ;.Fetlar ; Brasga ; Vitty ; Hanger Hill; Fairlight ; Crow- 

= -boroughi ; Leith Hill ; Wrotham ; Severndroog Tower; Chingford ; Divis ; Slieve 


a T. F. Cay, 


. Donard ; Sawel. ae . ; 
Fair Isle; Foula ; eee Yell; Feltar ; Brassa;-Fitty ; Wart Hill Hoy ; South 

Renaldsha ; Stronsa ; Decrees ica Tartevil ; Jura; Ben More, Mull; Ben - 

Heynish ; Chingford ; Berkhampstead; Dunstable. ~~’ oe vo 


Captain J. Vetch, R.E.. 
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vi | NAMES OF THE OFFICERS, &c. 





Officers. Stations. 





Colonel W. R. Ord, R.E. ...... | Divis, 


Major J. W: Pringle, R.E....:.. | Slieve Donard. atte n+ : “ 

Lieutenant-Colonel A. W. Robe ; | : 
R. ee Ben Hutig ; Fashven ; Dunnet Head ; Corryhabbie ; Ben Wyvis; Ben Cheilt. 

Captain A. Henderson, R.E.%.:. | Diyis, ~~ nrc ccm ote se nee 


Des Ae | Bencorr ; Vicar’s Cairn ; Trostan ; Taur ; Tara ; Slieve Snaght; Slieve League ; 
Major-General J. E. Portlock, Sawel $ Nophin; Lyons Hill ; Knocknaskagh.; Knocklayd 5 Knockanaffrin ; 
UR Nc geteecdeseeees Seeoeeesressse Kippure ; Hungry Hill; Howth ; Forth > Feaghmaan 3 Dublin Observatory > 
7 . Divis; Doolieve’; Cuileagh ; Croghan ; Carrigfadda; Cnherbarnagh ; Baurtre- 

gaum ; Keeper. . ee _ See: , ao - 
ee _. | Fair Isle; Foula; Ronas; -Yell; Fetlar; Brassa ; ‘Fitty ; Wart Hill Hoy; 
Captain T, Drummond, R.E. { Stronsa ; South’ Ronaldsha ; Deerness ; Chingford ; Berkhampstead ; Dunstable ; 
| Divi, 8 a. 4 a | 
Colonel R. K: Dawson, RE..:-{ | Covbabbic ; Bon, Wyvis ; Ben Cheilt; Bon Tartovil Juraj Ben More, Mull s 
Ben Heynish ; Cundtham ;. Drung Point. os se Aa 


Cundtham ; Divis ; Drung Point; Mount Sandy.; Knockalongy. 


Licutenant F; H. Murphy, -R.E. 


Lieutenant-Colonel T. A. Lar- 
COM; Le. We.” sweseysseriesessiver es 


Slieve Donard ; Slieve League. ee es Seaton 


Colonel W. Robinson, RET} . Ben Hutig ;. Cnoe-Ghiubhais ; Fashven ; Dunnet Head; Scarabin ; Ben Clibrig ; 
| Monach; Cleisham ; Ben More, S.U.; Clifton Beacon; Bardon Hill, 


2 | ; , aon Cnoc-Ghiubhais ;- Fashven ; Dunnet Head; Scarabin; Ben Clibrig ; Great 
a aca inf Whernside ; Botton Head ; Whittle Hill ; Sca Fell ; Cross Fell; Axedge ; 
: Snowdon, =: --—s- a . 


Captain P. J. Hornby, R.E.... Bearabin ; Ben Clibrig ; Monach ; Cleisham; Ben More, 8.U.; Criffel ; Merrick ; 
: Ben Lawers ; Garforth Cliff. 


LicutenantA. F. H.Da Costa,R.E.} Black’ Comb; Pendle Hill; Delamere ; Lincoln Minster ; Ely Minster. 
Lieutenant J. B. Luyken, RES)" 


‘Clif ton Beacon j Bardon Hill’; Precelly ; Cradle ; Long Mowat-~ "> 
| : | Hanger Hill: Fai lieht : Soa ey ae te wi y eatlath Sei | 
nd h Ree t. Ise! .5 Marlight ; Crowborough; Leith Hill; Wrotham everndroog 
oe aide r2t a 1} Tower ; Chingford. Co : .  ° ) | 
- Wordeslow ; Collier Law ; Water Crag ; Criffel; Cross Fell; Wisp ; Sayrs Law ; 
| | Lumsden ; Mordington’; Blackheddon ; Mormonth; Little Stirling ; Dudwick ; 
; oe ‘Blue Hill; Tarbathy ; Layton; Over Hill; Brimmond; Balta; Kellie Law ; 
Mr. J. Gardner eeevce see rercccere C } ] :. . : 4 ° e 
ae ay ae ah owhyt 1¢; Knock ; Mount Battock; Calton: Hill; Hart Fell; Dunrich; East 
| ie dugiad. lS Lomond ; Glashmeal; Ben Cleugh; Ben Lomond; Saxavord; Hanger Hill ; 
| - ty. Fairlight;-Crowborough; Leith Hill; Wrotham ; Chingford; Severndroog Tower. 
a _ | Mendip ; White’ Horso Hill; Broadway ‘Tower; Arbury Hill; Nascby Tower ; 
Oe - ny = Bardon Hill; Tilton; Beacon Hill ; Dunkery; Balsham; Gringley Beacon ; 
Mr. S. Woolcot ..cosscssscsscesee Brandon ; Malvern; Precelly ; ‘Paracombe ; Gwaunysgaer; Burleigh Moor ; 
| Hasington; Botton Head ;- Crowle’ Beacon ; Clifton Beacon; Moelfre Issa; 
- ‘Pertinny. naa ees 3 
Mons, Arago ssssssusessessvnves /Folksstone 5 Fairlight. 20 0 


| | NAMES OF THE OFFICERS, &c. _ vii 
Non-commissioned Officers, Stations, | | : 


South Berule; Wingreen; Holme Moss; Acklam Wold; Crowle; Norwood; 
Boston Tower; Nascby Tower; Keysoe Spire; -Hingham Tower; Easton 
_ Tower; Swaffham Tower; Norwich Spire; Gorleston Tower; St. Peter's 
Church (Thanet); Thaxted Spire; Danbury Spire ; Otley Tower; Naughton 
Sergeant-Major J. Steel, RE. Tower ; Mickfield Tower; Beachy Head: Boniface Down; Boniface, 8.E. ; 
Cyrn-y-Brain ; Dunnose; Gerth of Scaw; Great Stirling ; High Port Cliff; 
Little Stirling; Litt!etown Down; Nodes Beacon; Peterhead, Old W.M. 5 
Saxavord; Shanklin Down; Week Down; Wroxall Down; St. Paul's 
Cathedral. , 


Garforth Cliff; Arbury Hill; Dunstable; Tharficld ; Happisburgh ; Orford 
Castle ; Lawshall Tower ; Leith Hill Tower; Paddlesworth; Frittenfield ; 
Wrotham ; Fairlight; Ditchling; Butser Hill; Coringdon ; Swyre Barrow ; 
: Pillesdon ; High Wilhays ; Ryders Hill; Barrow Hill; Karnminnis ; Pertinny ; 

_Colour-Sergeant Donelan, R.E. Goonhilly ; Deadman ; Trevose Head; Maker Tower; Scournalapich ; Cow- 

| . : . hythe ; Mormonth ; Mount Battock ; Jura; Hanger Hill; Chingford ; Severn- 

droog ; Banstead; Blackdown; Old Sarum Gun; Old Lodge; Old Sarum 
Castle ; Beacon Hill; Dean Hill; Four Mile Stono; Milk Hill; Dunrich ; 
Goat Fell ; Rnocknadeber: 


Colour-Sergeant J. Winzer ‘Blackheddon ; ‘Mordington ; Lumsden ; Sigs Law; Ben Nevis; Kellie Law ; 
R.E : { Een Macdui; Storr; Mamsuil; Ru Rea; Ben Cleugh ; Wingreen ; Beachy 
Head ; Nodes Beacon ; Slieve Donard. 

Sergeant J. Mulligan, R.E....... Tilton. 


Lynn, Old Tower; Docking Tower; Baconsthorpe Tower; Walpole, St. Peter's ; 
Walton Tower; Stoke Tower; Balsham Tower; Epping Cupola; Bunwell 
bss sieibaieal Tower; Southwold Tower; South Lopham Tower; Brandon (Suffolk) ; Tofts 
Tower; Ely Tower ; Laxfield Tower ; Gads Hill; York Minster; Easington ; 

Wordeslow ; Cheviot; Hart Fell ; Burnswark. 


essseee | Sieve Donard ;. South Berule. 
sreooeee | Danbury Spire ; Otley Tower. 
eoseeeess | Brandon Down ; Collier Law ; Goat Fell ; Water Crag. 


Old Lodge; Westbury Down; Upcot Down; Broadway Tower; Ben Lawers ;. 
. Ballyereen ; Corryhabbie ; ; Balta; Gerth of Seaw 5 Merrick ; Mowcopt ; Nive 
_ Hill; Stoke Hill ; Ben More, South Uist. 


Corporal 'T. Onsgrove, R.E. | ‘Long Mount; Malvern; White Horse Hill; Inkpen; Dunnose ; Wingreen ; 
Cradle. : 


2nd Cor lJ. ‘Long Mount; Malvern; White Horse Hill; Inkpen; Dunnose ; Wingreen ; 
pora Stowart RE, { Mendip ; Dunkery ; Paracombe; Lundy Island; Hensbarrow; Cradle; Slievo.. 
* Donard. 


~ 


Sergeant A. Bay, RE 


Sergeant R. Forsyth, R.E 
Sergeant J. Beaton, R.E, 
| Sergeant W. Grose, R.E 


| Sergeant W. J enkins, R.E. 4 


a Lo J. Wotherspoon, 


LO my Peninnis, W.M.; pcieneah Tower ; Brown Willy ; ; Beacon Hill, Trescow 5 Carn 
_Galver ; : Gyri-ylirain: St. Paul’s Cathedral. 
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INTRODUCTION. 





‘Tue National or Parliamentary Standard Yard having’ been destroyed in the fire which § 


—— the Houses of Parliament in 1834, a commission was issued to G. B. Airy, Esq., 
Stronomer Royal, Rev. R. -Sheepshanks, and Francis Baily, Esq. "9 ‘to make a new National 


tandard of « < 
Length. . 


Standard of Length from the data derived from the previous comparisons which had been — 


«made between the old Standard Yard and several existing standards, such as the two 
belonging to > the Ordnance Survey, the —— estronomicy Society S Standard, and othera. 


‘The New Standard Yard (of. which two copies—one of levine No: 29, and the other 
of wrought i iron; No. 5 5—have* been sent to me by the Astronomer Royal) i is a bar 38 inches 


1 
-ong and t inch square in section, with wells at cither- extremity drilled out to the depth 


of half, the. metal ; at the bottom of these wells transverse lines are dr awn on plains, the 


di 
stance between which, at the temperature engraved on the bar, is one yard. 


é 


es The Commissioners have ver y properly not piven the length of the new Saad as 


compared, with any other Standard ; they have restored the Standard with the pe : 


| Possible accuracy, and the leigths of all others must be found from it by comparison. " 


. The lengths of all: the Gises, and: the distances bated the. Trigonometrical Stations 
Which are given in this volume are in terms of the 10-feet Standard. O,, " which i is the Standard 


of, the Ordnance Survey ;_ but it is obviously necessary that the length of O, and of the 


tri 
rigonometrical distances should be given in terms of the _etone Standard of Length. 


I have tiieretne: had’ a * Standard’ I O° S(tiainailties Ordnance) made,°on which 
ar Jengths of the Standard Yard have. been set off, and the Io feet thus obtained has been 
compared. with the 10-feet Standard O,. <A detailed account of the comparisons ‘will be 
given in a- separate volume; but to sbiaia the lengths ‘and distances in this volume in terms 
of the. National Standard of. Length,” we must add to the log. distances the correction 


“F +000 
0005 (apptoximate).. The amount of difference in 10 feet is “00014 inches, and i in a. 


mile . OF 75. inches, 


Base Measure- 
ment Apparatus. 


Mean Base. - 


HorizontalAngles: 


Correction of. 


Lengths of the 
Sides of the 
Triangles. 
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The base-lines from which all the trigonometrical distances have been computed are 
those which were measured on Salisbury Plain, and on the shore of Lough Foyle in Ireland: 
they are respectively 6-93 and 7-89 miles long, and were measured with General Colby’s 
Compensations Bars. The difference between the measured lengths and their lengths as 
computed through the Triangulation is + 0-4178 feet, or about 5 inches. 


This difference has been divided in proportion ‘to the square roots of the lengths of 
the measured bases, from which we have obtained the Mean Base which has been used in 
the Triangulation ; there is, therefore, a difference of + or — 0-2 feet, or 2} Inches, between 
the measured and computed length of these bases. | 


Four other base-lines were measured with Ramsden’s 100-feet Steel Chains,—one orf” 


Hounslow Heath, one at Misterton Carr near Doncaster, and one at Belhelvie in 


Aberdeenshire,—and the greatest difference between the measured lengths and the computed 


aiid of these bases from the mean ve does not amount to 3 inches. 


The fourth hase was measured. in an unfavourable position on Rhuddlan Marsh in 


North Wales, and the difference between the measured and computed length in this case 
is 1-596 feet. | 


The Horizontal Angles, as well as the Azimuthal Bearings of the Stations were 
principally obtained from observations with Ramsden’s great 3-fect Theodolites; and the 


perfection of these instruments may be judged of from the fact, that the sum of the angles 
in the ee ies differed 3”-4 from the true sum. 


To correct the ci eenanees hens arising by the theory of ‘probabilities, so as to render 
the Triangulation consistent in itself, and as perfect as possible, has been a work of immense 
labour; but we should not have done justice to a great national work of this kind if we 
had failed ‘to render it as perfect as possible before giving it to.the public. 


The sum of all the distances or sides in. the Principal Triangulation is about 206,710,000 
feet, or, in round numbers, exactly ten times the radius of the Earth (radius of the Earth 
=, 20,890,000). The mean length of a side is 35-4 miles. There are 37 lines whose 
lengths are between 80 and go miles; 18 between 90 and 100 miles in length; and 
11 exceeding 100 miles in length. ‘The longest side in the Triangulation is 111 miles, viz. 
that from Slieve Donard to Sca Fell. : 
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but we have cases in which the refraction reaches 5 and others in which there is no-refraction, 


Figure and 
Dimensions of 
the Earth. 


‘Density of the 
Earth. 


Local Attraction. 


2 


and a few in which the refraction was actually negative. 


The great amount of refraction in the morning, its diminution towards the middle 
of the day, and its increase again towards evening, is obviously caused by the greater 
amount of aqueous vapour in the lower portion of the atmosphere in the morning and 
evening, as compared with the amount in the middle of the day. 


In Airy’s Figure of the Earth, the equatorial radius is 20,923,713 feet, and the polar 
radius is 20,853,810 feet, giving an ellipticity of ;=.5;; but from the Ordnance and other 
more recent surveys abroad, the axes are found to be 20,926,500 feet and 20,855,400 feet, 
and the ellipticity about 3;; but the results are slightly dependent on the results to he 
obtained from the measurement of the Russian arc of meridian, which will probably modify 
them in some degree; the account of the measurement of the Russian arc is not yet published. 


The result obtained from pendulum observations gives an ellipticity of 5,. 


The mean density of the Earth, as determined from the observations at Arthur's Seat, 


is 5-316. 


I cannot help regretting that a series of Stations in plains, and in localities where, from the 
geological structure of the country, we might infer that little or no deflection of the plumb-line 
could exist, had not been selected for the express purpose of measuring an arc of meridian. 
The summits of mountains were necessarily selected for the connecting points in the 
Triangulation; but, from the want of symmetry in the mountains themselves, the irregular 


manner in which other mountain masses surround the Stations, the diversity in their 


geological structure, and the unknown distance to which the igneous rocks especially 
extend below or around, must always leave a doubt upon the determination of the latitudes 
of such Stations. 


‘The minor Triangulation for the detailed survey of the kingdom is now rapidly 
extending, and I think it not improbable that we shall be able at no distant period to 
select such a series of Stations as I have described, and thus obtain other arcs of meridians 
more free from the probability of error than those in the Principal Triangulation. When 
I directed the observations for the investigation of the amount of the local attraction 
at Arthur's Seat to be made, we had not only a perfectly contoured plan from which the 


’ distribution and quantity of matter in the hills and mountains round it was accurately known, 


but we knew also the exact geological structure of the country and the specific gravity 


Sn ee 
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as rock, and yet there is a discrepancy of 2”-o between the observed and the computed 
poeece unaccounted for. J am not satisfied with this result, and believe we should 
obtain better results if the course I have indicated had been followed. 


The late Dr. M‘Culloch, when engaged on the Geological Survey of Scotland, was 
requested to keep in view the intentions of the late General Colby to have observations 
made for determining the mean density of the Earth, and Dr. M‘Culloch was requested to 
point out such mountains as he thought well suited for the purpose; and I find in the 
“ortespondence connected with this subject, that he recommended Ben Stack and Seul Vein 
mountains, in the South West of Sutherlandshire, as well suited for the purpose. 


Ihave myself examined the geological structure of the district in which these mountains 
are situated. It consists of a ereat series of quartzose micaceous stratified rocks, on which 
ais old red sandstone of Caithness rests unconformably, and which has at the base of the 
Series bands of limestone and pure white quartz strata. These white quartz strata rest 


u i i 
nconformably upon a coarse red conglomerate, which again rests unconformably upon 
gneiss, 


Seul Vein is the most remarkable mountain I liave ever examined; it is composed of 
the red conglomerate in horizontal strata, and stands out by itself on a plain of gneiss, 
: monument of the great degradation of the surface of the Earth in former geological periods : 
It Is about 1500 fect high, with nearly vertical sides, but the mass of the mountain is not 
large; and as I fear we should have great irregularity in the refraction if observations were 
taken near it, I do not, therefore, consider it well suited for the purpose of observations for 
determining the mean density of the Earth. 


Geological 
Structure. 


Seul Vein. 


Nor do I think Ben Stack well suited for the purpose; this mountain is composed of Ben Stack. - 


the white quartz strata resting on the gneiss, and although its form is good, its mass is 
Nat large, and it has other mountains round it, and a great range at but a short distance on 
the northern side, all of which would affect the observations. 


I still think we ought to have further observations for determining the ,»mean specific 
8ravity of the Earth, and I proposed last year to send a party for this purpose to the Peak 
of Teneriffe, and I now purpose, as soon as the detailed survey reaches Ben Nevis, to have 


observations taken at this the highest mountain in Great Britain. 
H. JAMES. 
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SECTION LI. 


DESCRIPTION OF STATIONS. 


AckLam Wop, 1842, is a large moor in Yorkshire, about 1 mile east of the village of 
Acklam, and 3 miles north of the village of Kirby Underdale, and on the left-hand 
side of the road leading from the latter place to Malton. The station is on the 
south-eastern rise of the most easterly of two barrows, distant’ from each other 293 


fect, and is marked by a piece of white limestone with a hole in it, placed 1-8 feet . 
below the surface. 


Arbury Hm, 1843, is an insulated eminence in a field belonging to Righton Farm, in 
the parish of Badby, Northamptonshire, about 1-5 miles west of the village. ‘The 
hill was visited in 1799 and 1800, and again in 1843, with the Ordnance 3-foot 
theodolite; but of the point from which the earlier observations were made, no 
trace is to be found. The station of 1843 is marked by a stone 18 inches square, 
With a hole to denote the centre, and the words “ Arbury Hill, 1843,” cut into it, 
and sunk 3-8 feet below the general surface. In the bottom of the hole in the 
stone, a fourpenny-piece of the present reign, dated 1841, was inserted, but when 
the stone was examined in 1850 it had been removed. A pole 19 feet high has 
been erected over the stone. By comparison of the old and new angles, the site 


of the earlier station is supposed to have been about 5 or 6 feet due east of the new 
Station. 


Axenar, 1842. This station is on the highest part of a hill, about 2-25 miles south-west 
from Buxton, and about a quarter of a mile to the west of the road from Buxton to 
Leek, in the county of Derby. Observations were taken from the hill in 1807 
and in 1842 with the ereat instruments, but the old station is altogether lost. 
A pile 17 feet high, built of stone to the height of 4-5 feet, and the remainder of 
turf, denotes the station of 1842, the centre of which is marked by a stone with a 
hole in it, and inscribed with a broad arrow and the letters “B.O. 1842.” The 
surface of the stone is about 1 inch below the tops of the pickets of the frame on 
Which the instrument rested, which were left in the ground. The frame consisted of 
four upright posts or pickets, 5 feet long, mortised into the corners of a square frame, 
and strongly braced together. 


Baconstuorpr Tower, 1843. This station is in the centre of the top of the tower of the 


parish church of Baconsthorpe, in the county of Norfolk, about 4 mules south-east 
of the town of Holt. 


we A 
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Bauiycreen, 1852. This station is on a sharp-topped mountain, known in its neighbour- 
hood by the name of Mottce, three quarters of a mile from the fifth milestone on the 
road frorn Rathdrum to Baltinglass, in the county of Wicklow. The station point 
is marked by a hole 1-5 inches deep and 1 inch in diameter, in a sandstone measuring 
12 inches by 11, and g inches decp, which is jammed between two [pieces of rock, 
and its upper surface level with the general surface of the ground. The frame 
which supported the instrument in 1852 was left in position, and a pile of turf, 
Go fect in circumference at the base and 10-75 feet high, built over it. 


Barsuam Tower, 1844. This tower is that of the parish church of Balsham in Cambridge- 
shire, situated about 6 miles east of Babraham and about 12 miles south-east of 
Cambridge. 


- Barta, 1817,1847. This station is situated in the small island of Balta, which lics to the cast 
of the island of Unst, one of the Shetland Isles. The island is rather more than one 
mile in length from north to south, and about half a mile in breadth at the broadest 
part, forming an excellent natural breakwater to Balta Sound. The station is on 
the highest part of the south end of the island, and is marked by a hole bored in a 
stone sunk about 2 fect below the natural surface of the ground, and by a pile of 
earth and stones, 6 fect high, erected over it. 

From this station the zenith-sector station on Balta is distant 215-5 fect, and 


bears go° 11’ from the south. It is marked by a hole in a stone, sunk about 2 feet 
below the surface. 


Bansteap, 1848. The stations at Banstead, in the county of Surrey, are about half a mile 
west of the parish church, in a grass field called Tumble Field, on the west side of 
the road leading from Sutton to Reigate, and opposite the Black Boy Beer-house. 
The new station of 1848 is 748 fect from the chimney of the house or cottage at 
the entrance of the field, and is in a line with the chimney and Banstead Church spire: 
it is marked by a piece of freestone about 12 inches square, with a hole 3 inches deep 
in the centre, placed 3-2 fect under the surface. 

The old station of 1792 is 6-2 fect north of the former, ‘and is well marked with a 
stone, about 6 inches diameter, shaped like a truncated cone, placed with its large 
end downwards, and about 24 inches below the surface. 


Barvon Hutz, 1842, is in Leicestershire, nearly equidistant from the towns of Leicester, 
Loughboro’, and Ashby-de-la-Zouch ; the turnpike road from Leicester to Ashby-de- 
la-Zouch passing about half'a mile from and on the south side of the hill, at a distance 
of 9 miles from the former town. The station is situated on a rock near the western 
side of the summit, and 273-7 feet distant, in a west-by-north direction, from a 
summer-house on the top of the hill. There have been two sets of observations 
taken from this hill, both from the same site. A pile was erected, at the conclusion of 
the first series, above a centre mark bored in the solid rock. This centre was found 
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and the instrument was placed above it for the observations of 1842, and the site 
was also marked by four holes excavated in the rock for the pickets of the frame of 
the instrument. These pickets were cach about 4 fect long, and after being tightly 
wedged, were run in with lead and well braced together. The pile was restored. 


Barrow Hn, 1845. This station is situated in a field called “ Inner Mill Field,” belonging 
to Boro’ Tarm, in the parish of Chivelstone, in the southern part of Devonshire, and 
about 8 miles south-east of Kingsbridge. The station is marked by a stone, with a 
hole drilled in it 2 inches deep, denoting the exact spot from which thie observations 
were made, and sunk 16 inches below the surface of the ground. 


Baurrrrcaum, 1831. The station is on the western head of a large hill or mountain, about 
8 miles south-west of Tralee, and on the left side of the road leading from Tralee to 
Dingle through Blenerville. Curraheen Chapel is on the Dingle and Tralee road; and 
a person intending to visit Baurtregaum station from Tralee should leave the Dingle 
road at this chapel, and pursue the course of a stream upwards for about 2-5 or 3-0 
miles. ‘This stream leads to Caum Brack Lough, which is about 1-5 miles east of the 
station; the passage from Curraheen Chapel to Caum Brack Lough is of easy ascent, 
the remainder is difficult. The station is marked by a large pile of stones, within 
Which will be found the centre stone, an irregular piece of sandstone, level with the 
§eneral surface, and marked with a hole. 


Bracny Heap, 1845. ‘This headland in the English Channel is in the parish of Eastbourne, 
County of Sussex, about 2 miles south of the town. Observations were taken on the 
hill in 1793 with the Ordnance 3-foot theodolite, and in 1845 with the 18-inch 
theodolite ; but the sites from whence the angles were taken are not identical, though 
both are adjacent to the houses occupied by the Coast Guard. ‘The site of the earlier 
Station was marked by an old gun with its breech imbedded in the soil, and its muzzle 
about 2 or 3 fect above the surface; but when the place was visited in 1842 it had 
been removed, and a sienal-house to which the site was referred had also been pulled 
dewn ; no vestige therefore of the site could be found, though careful search was 
made. In 1844 renewed attempts were made to find some indication of the site, but 
these being unsuccessful, a point about 105 fect north-east of the well in the rear of 
coast guard’s buildings, was selected as a site for the new station, and marked with a 
centre stone, measuring 13 inches by 11, with a hole 2 inches deep, and a broad arrow 
cut on the top, over which a pile of turf was erected. The 18-inch theodolite was 
placed above this centre stone in 1845. 


Beacon Hun, 1849. The station on Beacon Hill, in the parish of Bulford near Amesbury, 
In the county of Wilts, is about 3 miles cast-south-cast of Amesbury, and about a 
quarter of a mile north of the Amesbury and Andover road. 
The station, being the north-east end of the base line measured in 1794 on 
Salisbury plain, was marked by an iron cannon with its muzzle 8 or 10 inches above 
A 2 
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the surface. The calibre of the gun is a little more than 4 mches, and its centre was 
in the observations of 1849 adopted as the observing station. 


Beacon Hitz, Trescow, 1850. The station so called is situated on the highest part of 


‘Beacon Hill, in the island of Trescow, one of the Scilly Isles, and is about 1-5 miles 


from Old Grimsby. ‘The station is about 60 feet from an old watchhouse. 


Ben CuEit, 1819, is a large mountain in the county of Caithness. The station was on 


BEN 


BEN 


the north-western end of the highest part of the hill, which is about a foot higher 
than the station, and about 400 yards south-east of it. The peat moss, which was 
about 2 feet deep, was dug out in a circular pit of 8 feet in diameter, which being 
filled in with clay, the pickets for the instrument were driven into it and braced 
together. Large stones were laid upon and round the braces to steady them, so 


that the station is easily discovered, even if the pile which surrounds the staff were 
removed. 


CreucH, 1848. This station is situated on the most northerly and one of the most 
prominent points of the Ochill Hills, in the county of Clackmannan, about 2 miles 
north of the village of Tillicoultr ‘y, and 4 miles north-east of the small town or village 
of Alva. The station is distinguished by a stone pile, 13 feet high and 36 feet in 
circumference, erected around the frame on which the instrument stood. The centre 


of the station is marked by a large flat stone, with a hole in its centre about 4 inches | 


deep, placed 3 feet below the general surface of the top of the mountain, and by a 
similar stone placed level with the surface and within the wooden frame or stand which 
supported the instrument. There is no permanent mark or object near the station 
from which measurements can be given, but there are several protruding pieces of 
rock only a few yards distant. The best and easiest way of ascending this hill is 


from Alva by the Blackforde Horse path, which passes about 1 mile west of the 
station. 


Curric, 1839. This mountain is situated in the exact centre of Sutherlandshire. 
With the exception of Ben More in Assynt, which exceeds it by about 7o feet, it 
is the highest in that county. It lies to the right of the high road from Golspic 
(through Lairg) to Tongue, and its summit is distant in a south-easterly direction 
about 4 miles from the inn of Ault-na-harrow. The top of the hill as seen from the 
north has a ridge falling gently to the east, but abruptly to the west. The station was 
not quite at the top of the hill, but at an angle of the ridge, where there was a knoll 
with a few large stones projecting from the earth. The highest of these stones is from 
3 to 4 feet above the centre mark of the pile which was erected on the site of the 
station. On taking down the old pile, the centre mark was found. The pickets on 
which the frame of the theodolite rested, were placed in four holes, 6 or 8 inches deep 
and 4 inches square, drilled in the solid rock. These pickets were about 18 inches 


BE 
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long, and after being tightly wedged were run in with lead. The pile was rebuilt 18 
fect high and about 16 feet in diameter. 


Heynisu, 1822, is an isolated hill in the island of Tiree, one of the Western Isles of 
Scotland. The hill is composed entirely of gneiss and is flat-topped, but furrowed by 
shallow ravines dividing it into several points, that on which the station is situate 
being rather the highest and, by calculation, 462 fect above the mean level of the sca. 
The centre of the station is marked by a hole bored in the solid rock to the depth of 
4 or 5 inches, four other holes of a similar description were also made, into which 
wooden pickets were driven for the feet of the large theodolite to rest on; these holes, 
and a large angular block of gneiss 10 or 12 feet high, about 57-5 feet distant from 
the station in the direction of Canna, will serve to identify the spot. The trigono- 
metrical point is identical with the zenith-sector point. 


Hutie, 18 38, is a large mountain situated near the centre of the north coast of 
Sutherlandshire. Its summit is about a mile from the edge of the coast on the north, 
and about 3 miles south-east from the Whiten Head. From the village and inn at 
Kirkiboll by the Moin House the distance to the top is about 11 miles, and from 
FHailaim Inn on Loch Eriboll by the Moin House it is 10 miles. 

The route by the Moin House is the best way for carriage of heavy articles to the 
hill; but by crossing the moor from the Tongue or Hope ferries the distance will be 
less by a mile or two, but it is rougher walking. There is a good road also from 
Tongue Ferry by Talmin, round to a river and bay called the “ Strath,” which is at 
the foot of the hill on the east side within about 2 miles. | | 

The top of the hill is rocky and rugged, and has two ridges running north-east and 
South-west ; the station was on the highest part of the rock on the western ridge, and 
had a very large block of stone a few feet to the north of it. The old pile put up in 
1819 was found undisturbed, but no centre mark was discovered. ‘The centre was, 
however, taken accurately by a tape as soon as the pile was cleared away, and a hole 
5 inches deep and 1 inch in diameter was jumped to mark the spot. 7 

In 1844 observations for latitude were made with Airy’s zenith sector, the position 
Which it occupied being identical with the trigonometrical station above described. 


Lawers, 1850. This mountain is in Perthshire, and lies 5 miles north-west of Loch 
Tay and about 8 miles north-cast of Killin in that county. The station is on 2 mass 
of rock at the western extremity and highest point of the ridge, which runs cast and 
West; it is marked by a hole bored in the rock, and the frame which supported the 
instrument, over which is a pile of stones 12-5 feet high and 15 feet in diameter. 


Two series of observations were made at this station, the first in 1841 and the second 
In 1850, 


Lononn, 1818, is a large mountain in Stirlingshire. The station is 52-4 fect south: 
cast by east of the cliff at the western end of the summit of the mountain. It is on 
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the broadest part of the summit, and a little lower than the narrow flat above the 
western cliff, which was not sufficiently large to hold the observation tent. The site 
is marked by a wooden picket having a hole bored in it, and by the pickets on which 
the instrument rested in 1818. The mountam is composed almost entirely of micaccous 
schist and quartz rock; the ascent is by no means difficult, and the prospect from it 
on a clear day is not only very extensive, but extremely beautiful and magnificent. 
The point on which Airy’s zenith sector was placed is identical with this station. 


Ben Macpur, 1847. Ben Macdui is the highest of the Grampian Hills, and is about 
12 miles north-west of Castleton of Braemar, in the county of Aberdeen. 

The station is on the southernmost summit above Glen Lui-beg, and near the 
united boundaries of the countics of Inverness, Banff, and Aberdeen. 

The site 1s marked by a hole about 6 inches deep, in an enormous stone, over 
which a large pile, about 22 feet high, was erected. The pile was circular, but not 
of a shape-similar to those generally erected to denote trigonometrical stations; it is 
perpendicular for a’few fect, and then reduced in.circumference, — 


Ben Mone, Mutt, 1822. This mountain is in the island of Mull, one of the Western Islands 
of Scotland. - The station is situated on the highest and most salient point, about 30 
fect from the edge of the precipice. 

The rock on the summit was found so splintery and frangible that the station could 
not be prepared in the usual manner, by securing pickets into the rock. A strong 
framework of wood was therefore constructed, and buried in the soil, resting upon the 
solid rock. This, when tightly rammed, was found perfectly free from vibration. 
The framework was left to mark the station, and a stone 18 inches in diameter, with 


a hole in it 2 inches deep, was placed in the centre; above these a pile of stones 13 
feet in diameter was erected. 


Ben Mong, 8. Uist, 1851. The mountain of Ben More, in the island of South Uist, is on 
the eastern coast, and not far from the centre of the island; it is about 2 miles north 
of Loch Iynort, and about 5 miles east of Howmore in that island. The top of the 
mountain consists of two ridges mecting at an angle: the lower ridge is very rocky, 
sharp, and abrupt ; the higher ridge has a rather flat top about 200 yards wide, with an 
immense precipice along the north side. 

The station 1s on the highest part of the latter ridge, and at the junction of the 
ridges close to the precipice. The stations of 1840-1 and 1851 are identical, and the 
site was marked in 1851 by a pile of stone 49 feet in circumference at the base, and 
14-5 feet high; the centre is denoted by a hole pierced in the rock 2-7 fect below the 
surface of the ground beneath the pile. 


Ben Tanrevit, 1822, is a large hill situated m the parish of Portnahaven, in the island of 
Islay. Tlie station is on the summit, and is rendered permanent by the holes bored 
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in the rock for the pickets of the theodolite. A wooden centre mark was also left, 
and the whole covered by a pile 14 feet in diameter, the lower part of stone, and 
the remainder of turf. 

The station was examined in 1841, and a centre stone was placed above the wooden 
centre, without disturbing it or the pickets, and the pile raised to the height of 
20 feet. 


The road from Skiba to Portnahaven passes about 1 mile east of the station. 
Brn Nevis, 1848. This mountain, the roughest and highest in Scotland, is in the parish 
of Kilmanivaig, in the county of Inverness, and about 7 miles east of Fort William. 
The top of the mountain has a flat rugged surface, of considerable extent. 

The station, which. is upon the highest part of the mountain, and within a few 
yards of a precipice of about 1500 fect, is marked by a hole in a very large stone 
resting on a rock about level with the surface, and by a similar stone about 3 feet above 
the surface, and within and level with the frame which supported the instrument. The 
frame of the instrument and centre marks, are protected by a stone pile 60 feet In 
circumference and 25 fect high. 


Ben Wrvis, 1819. The station on this mountain, in the county of Ross-shire, is marked by 


a pile enclosing a pole and centre stone about 2-5 feet square and 6 inches thick, 
weighing about 3-5 cwt., with a hole in the centre 4 inches deep. 


Bencorr, 1830. This station is about 9 miles east of the town of Clifden, in the county 
of Galway, and is on the summit of onc of the Twelve Pins of Connemara. The 
centre stone measures 32 inches by 20 inches, with a hole in its centre, not very deep, 
but sufficiently defined. The length of the stone is in an cast-north-cast and a west- 
south-west direction. The pile is 8 feet high. 


BERKIAMPSTEAD, 1823. The station at Berkhampstead, in Hertfordshire, is on the gazebo 
or observatory tower belonging to Mr. W. Stratton, of Little Berkhampstead. The 
tower is circular, and about too fect high; the instrument was placed about 11 inches 
castward of the centre of the tower. 


Back Comn, 1841, is a large rocky hillin the parish of Whitbeck, in the county of 
Cumberland. The station is on the top of the hill, and is marked by a pile of stones 
14-5 feet high and 50 fect in circumference, erected above a centre stone with a hole 
Mm it 4 inches deep and an inch in diameter. The station was restored in 1852. 


Biackpown, 1848-9. This js a large hill in the parish of Portisham, in Dorsetshire, about 


6 miles west-south-west of Dorchester, and 1 .75 miles south of the village of Winter- 
bourne. 


A column was erected here in 1845 in honour of the late Admiral Sir Thomas 
Hardy. It is an octagonal tower, 71-25 feet high, ascended by a winding stair of 120 
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stone steps, the newel of which in the centre of the tower corresponds with the centres 
of the stations observed from in 1797 and 1848-9, and is identical with the zenith-sector 
station in 1842-3. A hole was drilled in the centre of the topmost stone of the 
newel, and run in with lead, to mark the station. 


BiackueEDpon, 1846. This station is situated on the highest point of Blackheddon Hill, 
in the county of Northumberland, about 5 miles north-west of the town of Belford, 
3 miles east of Lowick, and 10 miles south of Berwick-on-Tweed. Two piles, about 
30 feet distant from each other, mark the sites on which the instruments were placed 
during the ‘observations of 1809 and 1846, the smaller pile denoting the former or old 
station, and the larger pile, built of stone 18 feet high, distinguishing the latter or new 
station. The new station is marked by a hole in a large stone 3-5 feet below the 
surface. The hill commands views of the sea to the north-east and east, and the 
Cheviot and Lammermuir Mountains. 


Buve Hr, 1814. This station is about 4 miles from Aberdeen, and half a mile on the 
right of the road from Aberdeen to Stonehaven, by the stone bridge over the Dee; 
it is situated on a low barren place partially covered with heath, and planted with fir 
very stunted in its growth. The site is marked by a centre stone sunk below the 


general surface, and a well-built pile of stones 16 feet high, with a diameter of 13 feet, 
erected above it. 


‘Bonrrace Down, 1846. The trigonometrical station on Boniface Down, in the Isle of 
Wight, is identical with the station from which the observations with Airy’s zenith 
sector were made in 1846. The station is in the centre of an apparently artificial 
mound of decayed vegetable matter on the Down, about I00 yards south-west of, 
and about to feet lower than its highest part,.which is due south of Dunnose station. 
A point 2237 feet eastwards from the second and principal junction of the roads 
from Ventnor and Wroxhail to Shanklin, measured along the road, is in Iine between 
this station and the station on Dunnose ; the former lying about 60 yards to the south 
of this poimt. 

The station is marked by a centre stone with a hole bored in it, sunk 2 feet below 
the surface. 


Boston Tower, 1842, is the tower of the parish church of Boston, in the county of Lincoln ; 
it is of an octagonal form, with 16 pinnacles, viz., a large pinnacle at each angle, and 
a smaller pinnacle between the larger ones. In consequence of the obstruction which 
they presented to the field of the instrument, it was placed upon two different points, 
the first bemge 5-8 feet south of the centre of the tower , and the other 2-8 feet 
north of the centre: the first is the tngonometrical station. 


Borron Heap, 1840, is a large hill about 3 miles south-east of the village of Ingleby- 
ercen-hoe, in the northern part of Yorkshire. The station is situated on the south- 
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west edge of a large barrow, and is 4 fect south and 12 feet west of the southern edge 
of a deep indentation or hollow, extending from the north edge of the barrow 


southwards. It is marked by a hole in a stone, sunk about 1-75 feet below the 
surface, 


‘Brannon Down, 18 53. This Down separates the villages of East and West Brandon, in 
the county of Durham, from the former of which it is about a mile distant ; and the 
lane between the two villages passes close to the hill. The station is upon the 
fattest part of the highest point of the Down at the western extremity of a sharp 
ridge, which appears to have been thrown up from a quarry near 1t many years ago. 


Brannon, 1845. This station is in the parish of Brandon, in the county of Suffolk ; it is 
situated on the highest part of the ground, in a large rabbit warren, called 'Wangford 
Rabbit Warren. A smull house, called Shaker’s Lodge, inhabited by the keepers, 1s 22 
chains eastward of the station, which is marked by a centre stone with a hole in it, 
placed 8 feet below the surface in consequence of the ground being very fine sand, 
and to afford proper foundation and support for. the pole, 44 feet long, which was 
erected above it. The plantations of Brandon Park obstructing the view in the north 
and cast direction, and another plantation obstructing the view on the south-east side 


of the station, it was necessary to erect a stage for the 2-foot theodolite, which was 
39 fect high. 


Branpon. This station is on the summit of a well-known hill, about 8 miles due north 
of the town of Dingle, in the west of the county of Kerry. The station is marked 
by an excellent. stone pile 14 feet high. The centre is marked by a hole in a piece 
of sandstone, level with the surface. Forty links north of the station there 1s a 
small grave-like excavation, having its sides and eastern end rudely lined with stones, 
and opposite the west end is a small upright flagstone, presenting the appearance 
of a grave or headstone ; this is called by some the chapel, and by others St. Bran- 
don’s bed. About 60 links north-north-west of it there is a small well. 


Brassa, 1821. This station is so called from its being situated in Brassa, one of the 
Shetland Isles. On the top of the Wart Hill, where the instrument was fixed, are ue 
mounds that appear to be the ruins of ancient watch-towers and furnaces. Similar 
remains are found on the top of every: hill in Zetland and Orkney bearing the name 
of Wart or Ward ; such hills, as the term implies, having in ancient times been selected | 
by the inhabitants on account of their commanding situations to descry their enemies 
at a distance, and spread the intelligence of their approach. The western of the two 
mounds upon Wart Hill, Brassa, was selected as the station, and was marked by 4 


stone sunk in the ground to denote the centre. A pole and a stone pile were erected 
over the station. 


Brimmonp or Bremen STATION, 1817, is about 6 miles north-west of New Aberdeen and 
about 1 mile west of New Hills Kirk, and is situated on a low heathy mountain, 
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cultivated to within three quarters of a mile of the top on its south side. .The station 
is marked by a pile of turf: and stone 23 fect in height, and 53 feet in circumference. 
The centre is denoted by a stone hammer weighing about three pounds, with a handle 
about a foot long, thrust through the old centre picket of the frame of the instrument ; 
a large flagstone more than 2 feet wide was laid on the hammer, and on this fla estone 
a piece of fir about 4. feet long was erected as a guide to the centre. 


Broapway Tower, 1850. This is an hexagonal tower with 3 turrets, one at each alternate 
angle, situated on a prominent hill in the parish of Broadway, Worcestershire, about 
1 mile to the east of Broadway New Church Tower, and 2- 5 miles to the south of 
Campden Church Tower. ‘The station is upon the top of the tower, and its site is 
marked by a copper nail driven in the lead near the centre of the tower. 


Brown WILLY, 1849, is a high and rugged topped hill, about 5 miles south-east of Camelford, 
in the county of Cornwall. The station was upon a barrow of loose stones on the summit 
of the hill, and was marked by a flat stone with a hole thr ough it, placed in the earth 
level with the general surface of the hill. A pile of stones, 11 feet high and 10 feet 
in diameter at the base, was erected above the centre stone. 


Bunwett Tower, 1844. The tower of the parish church of Bunwell in the county of 


Norfolk is the site of this station. The instrument was placed exactly over the centre - 


of the tower, aid the frame on which the instrument was fixed rested on the battle- 
ments. 


Burtetau Moor, 1806, is in the North Riding of Yorkshire, about a mile and a half south-: 
east of Kirkleatham, and a mile north-west of Upleatham. 


The station 1s close to a 
bend in a stone wall and is marked by a pole 30 fect high. 

Burser Hitz, 1845, is an eminence in the parish of East Meon, in the county of Hants, 
about 2-5 miles west of Petersfield, and about three-quarters of a mile west of the road 
from Petersfield to Portsmouth. The station is marked by the pickets on which the 
instrument rested, cut off about 18 inches below the surface, and a stone measuring 


2-7 feet by 1-4 feet, and about 6 inches thick, with a hole in it denoting the centre, 
placed between the pickets 2-4 feet below the surface. 


A pile 14 feet high and 
11 fect in diameter was erected over the site. 


Caper Inris, 1844. This station is situated on the highest point of Cader Idris mountain, 
6 miles south of Dolgelly, and 8 miles cast of Barmouth in North Wales. It is about 


2914 fect above the level of the sea, and g2 fect south of a small hut built near the 
mountain top as a place of shelter to tourists. 


CANERBARNAGH STATION, 1832, is situated on a mountain about 6 miles west of the town of 
Mill Street, and about 1 mile south of an old road leading from Mill Street to 
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Killarney. The surface of the entire mountain is bog 2 or '3 fect deep, and parti- 
cularly so about the station, which is marked by a turf pile 7 feet high, enclosing a 
smaller pile of stones. The centre stone is a piece of clay slate measuring 28 inches 
by 17 inches, and- 3 feet below the general surface of the mountain; the length of the 
stone is in a north and south direction. 


Carn Gaver, 1850. The station called Carn Galver is situated on the top of Morvah- 
look-out-Hill near Penzance, in the county of Cornwall, from which town it is about 
7 miles north-west, and about 2 miles north-east of the village of Morvah, and 
2-5 miles south-west of Zennor. The station is marked by a centre stone sunk about 
2 feet below the top of the barrow. The point known as Carn Galver by the country 
people is about o. 75 of a mile castward of the station. 


Cannicrappa, 18 32. ‘This station, in the south of the county of Cork, is situated on the 
western summit of a small hill about 8 miles south-south-east of the town of Dunma- 
nivay, and about 4-5 miles north-north-west of Roscarberry. From Dunmanivay 
there is a cart road, by the club house and Lough Thariv, skirting the foot of the hill 
on the north side; the hill is of easy ascent, and covered with heath on the top. The 
centre stone, which measures 27 inches by 17 inches, is level with the surface, and 
marked by a cross cut in its upper surface. The pile is about 7 feet high. 


Cuevior, 1846. This station is on the summit of the Cheviot. The eround is flat and very 
boggy, but a gravelly soil was found at a depth of gfect. A triangular frame was sunk 
2 feet into the gravel, and uprights mortised into cach corner, and well braced 
together, for the fect of the instrument to rest upon. When the observatory was first 
set up, it sank into the ground at the rate of half an inch per diem, and at length 
rested upon the framework supporting the instrument. A number of piles 11 feet 
long were therefore procured and driven into the ground, and their tops connected by 
two cross beams, upon which the observatory was raised by means of levers. 


Cierorn, 1848, This station is in a ficld near Epping in Essex. It is 13-54 feet from 
the centre of Greenwich north meridian mark, 9-67 feet from the. south-west corner, 
and 10-12 feet from the south-cast corner, of the base of the obelisk; and 1s marked by 
@ round hole bored in a square stone, the upper surface of which is level with the 
surface of the ground. This station is identical with that used by Captain Kater. 


Curisuam, 1840, This, the highest mountain in the Hebrides, is in that part of the Island 
of Lewis which is in the county of Inverness. It is near the south and west shore of 
Loch Seaforth, and, being the most conspicuous object in that part, cannot easily be 
mistaken, | 

The huts nearest to the mountain are at Marvig, from which it is distant about 

3 or 4 niles. West Tarbert, a small village on the south side of the hill, is about 6 

or 7 miles distant. On account of the accommodation which the observing party n 
B 2 
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1840 required, the men and stores were landed at a farm house and shooting lodge 
at Mole-na-harig, about 6 miles south-west from the hill. The station is upon the 


- highest point of the mountain. A pile 18 feet high occupied the site of the station 


previous to the preparation of the ground for the reception of the frame of the instru- 
ment in 1840, but on taking it down no centre mark was found. The centre of the pile 
was therefore ascertained by careful measurement, and the instrument placed over it. 

On quitting the station the wooden pickets were left in the rock, a large stone with 
a centre hole in it was placed even with the surface, and a stone pile 21 feet on slope, 
and 18 or I9 fect in diameter, erected. A few feet from the pile is a large rock. 


Curron Beacon, 1842. This station is about a quarter of a mile south-by-west of the 


village of Clifton, which is 1-5 mile south by east of Conisboro’, a small town half 
way between the towns of Rotherham and Doncaster in Yorkshire. The station is 
in an arable field close to and on the south side of a hedge, across one ficld from a 
Jane leading out of the village of Clifton in a westerly direction. In 1842, when 
additional observations were made at the station, two centre stones were left, one at 
the depth of 4 feet 6 inches below the surface, and the other at the surface; the 
beacon pole was replaced, and a stone pile built round it, 11-5 feet high and 30 feet 


in circumference. From this point the zenith sector station is 3-5 feet distant, bearing 
due south. 


Croc Gmusuats, 1838, is a low round hill about 17 miles west of Ben Hutig, and 2-75 miles 


south-east from Cape Wrath Lighthouse. ‘The road from Durness to the Lighthouse 

passes near it, the nearest point of the road across the moor being about 1-25 miles. 
The station is at the top of the hill, and is marked by a pile 15 fect in diameter 

and 15 feet high, erected above a centre stone and the four pickets on which the table 


of the instrument rested, which were wedged into holes bored in the rock and run in 
with lead. 


Corer Law, 1851. On this hill, in the parish of Stanhope, in the county of Durham, 


there are two stations, about 247 feet distant from each other, and called respectively 
Collier Law Old, and Collier Law New, stations." They are situated on the top of the 
mountain, about 4-5 miles north-east of Stanhope, and about 5 miles north of 
Frosterley ; and are marked by two piles, each 14 fect in circumference and 15 feet 
high. ‘The western pile marking the old station has a pole of 13 feet in its centre, 
braced to the pickets left by the instrument; the other pile marking the new station 
has a centre stone and a short pole. 
The easiest ascent of the mountain is from Frottesley. 


Corrnapon, 1845. ‘This station is upon a hill about 2 miles north of the village of 


Swanage, and an equal distance south-west of Studland, in the county of Dorset, and 
is nearly 3-5 miles east of Corfe Castle, in the island of Purbeck, 
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The remains of an old fence, the reputed boundary of the parishes of Studland and 
Swanage, may be traced over the hill from Nine Barrow Down in a south-east 
direction, and passes the station 50 feet to the north-east. The station Is marked by 
a turf pile, about 6 feet high, built above a centre stone inserted about a foot below 
the general surface, and the piles and bracings which supported the instrument. 


Corrynanpr, 1850. ‘This hill is situated in the parish of Mortlach, Banffshire. The 
mountain has a long flat or ridge-like top, extending north-east and south-west, 
consisting of loose fragments of quartz rock, very imperfectly covered with vegetable 
matter. The station is on the highest part of the hill, about 2 miles south of Glen 

_Rinnes Kirk, and about 1- 5 miles south-east of Cook’s Cairn, and is indicated by a 
stone pile 13 feet high and 46 fect in circumference at the base. The centre 1s 
marked by a large flat block of quartz, of about 4 ewt., with a hole 4 inches deep and 


15 inches in diameter bored in it, and by the frame which supported the instrument 
being left in position. 


Cownyrue, 1847. This station is situate on the north edge of an arable ficld, upon 4 hill 
in the parish of Fordyce, county of Banff; it is about one quarter or three-eighths of | 
a mile from the edge of the cliff above the sea, and about one mile east of the village 
of Portsoy, where the hill is called “ Cairn Rankee.” 

The original centre mark of the station was found, in 1846, about 30 inches below 
the surface ; it consisted of a wooden picket, mounted on the upper part with a strong 
iron hoop, 4-2 5 inches in diameter; the wood was quite decayed, but the iron hoop 
was firmly set in the earth. 

The wood was replaced without disturbing the iron ring, and a stone, 20 inches by 
14 inches, with a hole 1 -75 inches deep bored in it, was placed above the picket, its 
centre corresponding with the centre of the iron ring. ‘The stone and the piles on 
Which the instrument stood in 1846, with their bracings, &c., are enclosed in a pile 
of stones and turf, 9 feet high. 

The site on which Airy’s zenith sector was placed is 42 feet duc north of the 
trigonometrical station, and is identical with that stated to have been used for 
Ramsden’s zenith sector in 181 3; but no centre mark or pickets were found that 
Would indicate it had ever been used as a station. | | 

The altitude of Cowhythe, as obtained by spirit levelling on the 2 5th August 
1813, is 272+75 feet above low water. 


Crave, 1843, or Pen Cader Fawr, or, as it is usually called by the country people in its 

neighbourhood, “ the Cader,” is situated about 8 miles north-east of the town of 
Crickhowell, in Brecknockshire, South Wales, in the range of the Black Mountains. 
A steep mound, which when viewed from a distance has the appearance of a trun- 
cated cone, forms the summit, on the north side of which at the top is the 
station. A stone, 2-5 feet long and 2 fect wide, with a hole in it to mark the 
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centre of the station, was left 2-5 feet below the surface, and a stone pile, 19 feet 
high and 18 feet in diameter, was built over it. 


CrirreL, 1841. This station is on the top and close to the south-west edge of “ Douglas 
Cairn,” which is on the highest part of the well-known mountain named Criffel, 
io miles south of Dumfries, and 3 miles south of the village of New Abbey. It 
is marked by a hole in the solid rock, in the centre of a square formed by four 
pickets on which rested the instrument. A wall runs over the top of the mountain 
in a north-east and south-west direction, forming an angle near the station, which 
is 80 feet duc cast from the nearest, point of the wall. 


Crocuan, 1828, is on the highest pinnacle of Croghan Mountain, about 8 miles west of 
Arklow, in. the county of Wicklow. The station is either on or close to the line 
separating the county of Wexford from the county of Wicklow, and is well marked 
by a stone measuring 26 inches by Io inches, having a good centre hole bored in it. 

_ The centre stone is level with the surface, and is covered by a small pile. 


Cross I'eit, 1841, is a remarkable mountain, about 9 miles south of Alston, in Cumber- 
land. The station is on its summit, and may be. discovered by means of the stones 
placed around the staff. 


Crow.e Bracon, 1806. This station was situated on a barrow where once stood a windmill, 
nearly 150 feet east of a mill. The station was 36-9 fect from the corner of the hedge 
next the road and 43-9 feet from the road; the barrow has, however, lately been 
removed, and with it every trace of the old station. 


Cumcacu, 1828. This mountain which is in the counties of Fermanagh and Cavan, is about 
4 miles west of Swanlinbar, and 12 miles south-west of Enniskillen, It is ridge- 
formed, exhibiting two precipices, one to the north and the other to the east, the 
former in the direction of the dip; the station is on an ancient carn near the north- 
eastern angle formed by the junction of these precipices. A pile and staff were first 
placed on the mountain by Major-General Colby’s direction in 1825. 

_ Asa station Cuilcagh is of the first order, commanding a vast number of churches 
and other points connected with the district triangulation, and thereby assisting to 
furnish bases for the surveys of about 20 counties, 


Cyrn-y-Brain, 1852. ‘This station is on the most westerly of two headlands neatly half a 
mnile apart, forming a saddle-top to the broad moorish mountain of this name. It is about 
1857 feet above the level of the sea; and the ascent to it from Llangollen, through a 
dreaiy journey of 5 or 6 miles, is neither steep nor difficult. There is an old round 
tower, about 25 fect high, within 50 feet of the station; and though it is on ground 
several feet Idwei than the base of the small pile built over it, this tower is very liable 
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to be observed from any distant point instead of the station pile. It scems not 
improbable that this tower has been built with the stones described in the third volume 
of the “ Account of the Trigonometrical Survey,” as forming a large cairn about 
3° yards north-west of the station. This cairn is not now in existence, but there 1s a 
large heap of stones on the eastern summit. 


Danzury Cuurcn Spire, 1844. This church is in the parish of Danbury, in the county of 
Essex, about 5 miles distant from -the towns of Chelmsford and Maldon, on the high 
road between them. The station is above the centre at the top of the spire. 

The instrument was supported on a scaffold erected from the top of the tower, and 
the observatory was supported by another scaffold similar in plan and construction ; 
both rested on the walls of the tower, and were similarly cross braced, that bearing the 
instrument had its four uprights resting on the middle of the walls, and the other 
bearing the observatory rested on the angles. The spire of Danbury Church is built 
of wood, and was considered a much less stable structure for the instrument than the 
scaffold here described. | 


Deapman, 1846. This bold headland is in the parish of Gorran, about 2-5 miles south of 
the parish church, in the county of Cornwall. The station is in the north-east corner of 
a small field, and is marked by a small stone pile, 8 feet high, erected over the pickets 
on which the instrument stood; which were left in the ground, and a centre stone, 
with a small hole in it, sunk 1 foot below the common surface. 


Dean Hii, 1850. This hill is in the parish of Dean, in the county of Wilts. The station 
is about 1-25 miles south-west of the village of Dean, and nearly the same distance 
north-north-east of the village of Whiteparish. It is in the north-west corner of a 
large field, bounded on the north by a plantation of mixed trees. A circular block 
of sandstone, with its upper surface smooth, and about 20 inches in diameter, having 
a hole in it 3-75 inches deep and about 1 inch in diameter, marks the centre of the 
station. ‘The stone is imbedded in the eround about 20 inches below the surface. 


Deenness, 1821, is a large hiil in the Mainland, island of Orkney. The station was upon 
@ small mound on the highest part of the mountain, and was marked -by a centre stone 
and pile with a pole in it. 


Deamenr, 1842. This station is in Delamere Forest, near Tarporley. 

The station from which the observations of 1805 were taken is described in the 
observation book to have been 22- 7 feet west of a hedge running north and.south over . 
the top of the hill, and 129 feet south of another hedge, running at right angles from 
the former. In 1840 the station was visited for the purpose of restoration, but no 
picket, or other remains serving to point out its site, could be found. By means, how- 
ever, of observations taken with a small theodolite, the observer was enabled to fix 
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upon a point very near the old station. This was marked bya stone, 1-25 feet long by 
1 foot wide, with a hole cut in it, placed about 18 inches below the surface of the ground. 
A pole 25 feet long was erected over the centre. T'rom a combination of the 3-foot 
theodolite angles taken in 1805 with those taken in 1842 over the point selected in 
1840, and marked as here described, the position of the old station appears to be 
3-7 fect from the new station, and to bear 201° 1’ 16” from the south, reckoning by the 
west and north, | | 


Doo.iEvE STATION, 1832, is situated on a low dark-coloured hill, about 9 miles south of the 
city of Cork, and about 4 miles south-east of the small village of Ballinhassig, which is 
on the old road from Cork to Kinsale. The station occupies the summit of a very small 
mound on the western extremity of the hill, and is marked by aw irregular piece of 
clay slate level with the surface, about 36 or 40 inches in length, and pointed at both 
ends, the greatest breadth not exceeding 14 inches, and having a small hole bored in 
it about three quarters of an inch deep. The length of the stone is in a north-east and 
south-west direction, and it is covered by a pile of stones about 8 feet high. 


Ditcuuine, 1844. This station is at Ditchling, in the county of Sussex, and about 6 miles 
from Brighton. It is in the middle of a small rising, which has the appearance of 
having once been a barrow, and is marked by a hole in a stone sunk 2-5 feet below 
the general surface. 


Divis, 1825. This station is on the summit of a well-known mountain of the same name, 
about 3-5 miles west of the Exchange Buildings, in the town of Belfast. It may be 
approached by the Shanklin Road for rather more than a mile, then by a bye-road 
skirtmg the mountain on the cast side. The station is marked by a pile of large 
coarse stones, having a diameter at base of 16 feet and raised to a height of about 
5 feet; this truncated section of a pile has a small quantity of bog turf on its top. 

The centre stone has a smooth upper surface, with a well-formed hole in it, 2 inches 
deep and 2 inches in diameter. It is level with the surface of the mountain. 

Divis Station is about 140 links due south of a fence which crosses the mountain 
in an east and west direction. 


Dupwick, 1816. Dudwick Hill, in the parish of Ellon, Aberdeenshire, is the site of this 
station, which is distant about 6 miles north-north-east of Ellon, and about 1 mile to 
the left of the road from Ellon to Peterhead. The station is marked by a pile 20 feet 
high. 


Donxery Beacon, 1844. This well-known hill, in the parish of Luckham, Somersetshire, 
is about 3-5 miles south of Porlock, 1-5 mile south-south-east of the village of Stoke 
Pero, and 2 miles south-south-west of Luckham. There are three barrows on the hill, 
composed of stone, touching each other at their bases. The station of 1844 is upon 
the south top of the central or most eastern barrow, and is marked by a centre stone, 
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with a hole jumped in it, and sunk about 2 feet below the surface of the barrow. 
A pile 19 fect high and 53 feet in circumference was erected over it. 


Dunner Heap, 18 38. The station on this remarkable headland, on the north coast of the 
county of Caithness, is on the highest point of the rising ground in the rear of the 
Lighthouse, from which it is distant 1273 feet in a south-easterly direction. Tour holes 
Were jumped in the rock, at a depth of 7 feet below the surface, to receive the fect of 
the posts, which were wedged in and run with lead. The framework was lett, and 
pile of stone 11 feet in diameter and 10 fect high built over it. 


Downose, 1844. This station is situated about 30 yards north-west of the summit of 
Shanklin Down, 1- 5 mile south-west of the village of Shanklin, in the Isle of Wight. 
The centre is marked by a large gun imbedded in the soil, the top being nearly level 


with the natural surface of the eround. In 1846 observations were made with Airys 
Zenith sector at this point. 


Dunnici, 1850. This station is about 7 miles south of the town of Peebles, and 7 miles 
west of the village of Traquair in Selkirkshire ; it is on the summit of the hill called 
by the inhabitants Gumscleugh, and is named Dunrich, after the peak of the 
mountain immediately north of the observing station. The old centre-mark, and 
framework used for the instrument in 1816, were refound in 1841, and covered with . 
a well-made pile. 

In 1850, when additional observations were taken from this station, the pile was 
taken down, and the instrument placed on the original centre, as near as possible in the 
position indicated to have been occupied by the instrument at the previous observations. 
Phe framework which supported the instrument on this occasion was left im position, 
and 4 mound of turf and mud erected above it to the height of 15 feet, having a piece 
of deal, 4 inches by 3 inches and 12 fect long, standing on the centre stone. At a 
distance of 435-5 feet eastward from the station, will be found a stone weighing about 
4 in 5 cwt., placed by Major-General Colby in the Meridian of Edinburgh Castle, 
having a centre mark and the letters “ E.M. 1816.” 


D UNSTABLE, 1843. ‘This station is upon Dunstable Down, in the county of Bedford, and 
1s marked by a pile erected over a block of Portland stone weighing 17 ewt. ‘T'wo sets 
of observations have been taken at this station, one in 1823 and the other in 1843. 
About 95 fect from the centre stone in a south-east direction will be found Kensworth 
station, which is marked by a centre stone. 


Hastneron, 1846. The station isin the south-west corner of a cultivated field, about a 
mile north of the village of Easington, in Yorkshire. It is on the highest ground, 
close to the cliff, about twenty yards from the ruins of an old house, and marked in 
the usual manner by a centre stone and a pile. 

C 
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Fast Lomonp Station, 1818, is situated on the mountain of that name in Vifeshire, and 
about 1 mile south-south-west from the town of Ialkland. In 1818 the site of the 
station was marked by a stone 4 feet long and 13 inches square sunk in the ground, 
with the date “1818” and the letters “'T.S.” cut on its upper surface. This stone 
was refound in 1841, but the letters were obliterated. A hole was bored in it, and a 
pile of turf 12 feet high, with a diameter of 16 feet, was raised above it. 


Evy Minster Starion, 1842-3, is in the centre of the octagon top of the western tower. 


Easton ‘Towrr, 1843. This station is on the tower of Easton church, about 2 miles south- 
west of Stamford. The instrument was supported on a scaffold erected over the 
centre of the tower, and just high enough to enable the observer to obtain a clear 
view over the parapet and staircase. 


Eprine Curota, 1844. The cupola on which this station is situated, and from which it is 
named, is that of the Union workhouse at Epping, in the county of Essex. The 
cupola is about the centre of the middle building, and is surmounted by a ball; the 
centre of the instrument was made to coincide with the centre of this ball, but 
should the ball be removed, the station may be found by bisecting the ridge of the 
central building, which runs north and south. 


Farr Istn, 1821. This station is upon the highest part of Wart Hill, in Fair Isle, on 
the north coast of Scotland, nearly equidistant between the Shetland and Orkney 
Isles. The hill is the highest in the island, and lies near its north-west extremity. 
A large stone 4 feet in length, with 3 holes in it, marks the station; the central hole 
denotes the point over which the instrument was fixed, and in the other two were 
inserted pickets for the feet of the instrument. A staff was erected over the stone, 
and a pile 14 feet in diameter and about 16 feet high built round the staff. 


Fatruicut, 1844. This station is on Fairlight Down, in the county of Sussex. The site 
on which the instrument was in position is about 81-75 feet from the centre of the 


octagonal tower of Fairlight Windmill, and is marked by a pole or beacon 30-6 feet 
hich. | 


FasHven, 1838, is 2 mountain on the north coast of Sutherlandshire, about 1-25 miles 
south from the sixth milestone on the road between Durness and Cape Wrath Light- 
house. It rises very abruptly on three sides, and on the fourth in a long slope from 
the south to the north, terminating in a kind of saddle-top. The station was not 
on the highest point, but on a more convenient spot, 343 fect from the highest pro- 
jecting piece of rock at the north extremity. Four holes will be found in the rock, 
covered by a pile, 10 feet in diameter and 12 feet high. 


Feacumaan, 1832, or Geokann, 1s about 2-5 miles west of the ferryhouse opposite Reenard, 
and three quarters of a mile south of Reenardrolaun Point, in the island of Valencia, 
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county of Kerry, Ireland. The station is on the highest part of the hill, immediately 
above the slate quarries. 


The zenith sector station is identical with the trigonometrical station, and is marked 
by a centre stone, sunk about 1 foot under the surface, which by calculation 18 
884 feet above the mean level of the sea. 


Vernan, 1821. This station is on the top of Vord, the highest hill in the island of 
Fetlar, one of the Shetland Isles. The top of the hill is flat to a considerable extent, 
and on the north side there is a large mass of stones, apparently the ruins of some 
ancient building, from which the station lies about 150 yards south. On the west 
side of the top of the hill is anothcr mass of stones, which appears to be the remains 
of one of the rude furnaces used in former times as sienals of alarm; from this the 
station is between 7o and 80 yards south-east. The pickets on which the instrument 
Stood were left in the eround, and a large flat stone, with a hole 3 inches deep 
bored in it, marks the centre of the station, over which a plank was erected, and a 
stone pile, 12 feet in diameter and 15 feet high. 


Virry Hut, 1821. The station on the top of this hill, in the island of Westray, one of the 
ost northerly of the Orkney Islands, is on a mound of carth and stones, called by 
the inhabitants “ the Watchhouses.” ‘The mound is consolidated py time, and forms 
one mass with the hill, The pickets on which the instrament stood were left in the 
ground; a large stone with a hole in it 3 inches deep, corresponding to the centre of 
the instrument, was sunk in the ground to mark the station, and a stone pile with a 
pole in it was erected above them. | 


Forrn Mounram, 1829, 1843. On the top of this mountain, which is about 4 miles south- 
West of the town of Wexford, there are several large projecting rocks, called the 
Carrickadee Rocks, on the summit of the highest of which is the station. The centre 
is marked by a hole, rather more than 4 inches deep and about an inch and. a half in 
diameter, in the north-north-west slope of the rock. The holes made for the stand of 
the zenith sector will also be found in the rock. The station is covered by a large 
stone pile, 14-5 feet in diameter at the base and about 1o feet high. 


Foura, 1821. This station is on the top of Snood Hill, Foula, one of the Shetland Isles. 
It is marked by a large stone with a hole in the centre, which corresponded to the 
centre of the instrument. The pickets on which the instrument rested were left in 
Position, and a pile of stones, 1 3 feet in diameter and 17 fect high, with a pole resting 
on the central stone, was erected above them. 


Four Miu Strong, 1850. The station so called is on the summit of a small hill in the 
parish of South Newton, in the county of Wilts, and about 3-75 miles from Salisbut ; ; 
and a little to the west of the road from Salisbury to Devizes. ‘The centre of the 

C 2 
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station is marked by a rough picce of black flint stone, with a natural tapering 
hole in its upper surface of about 1-5 inches decp, and about the same diameter at 
the top. The stone is placed 20 inches below the general surface. 


Gaps Tint, 1845. This hill is near Chatham, in the county of Kent. The station is 
250 feet north-west of the obelisk upon the hill. 


Garrortu Curr, 1842. The station on Garforth Cliff, in the parish of Garforth m York- 
shire, is about 8 miles cast of Leeds, and about 315 feet north of the road from Leeds 
to Selby, through Whitkirk, in a line nearly with the churches of Kippax and Gar- 
forth. ‘The frame on which the instrument rested was left in the ground, the top of the 


pickets being about 9 inches above the surface. The centre stone is 2-25 feet under 
the common surface. 


Gentu or Scaw, 1847. This station is situated a short distance to the west of the neck of 
land that connects Lambaness with the mainland of Unst, one of the Shetland Islands, 
which neck is occasionally in very stormy weather, with the wind from the north-west, 
washed over by the sea. The site of the station is marked by a stone, with a hole in 


its centre, placed about 2 feet below the surface, with a small pile of stones and turf 
above it. 


GuasuMeEAL, 1841. This station is on the highest and western summit of the mountain of 
this name, in the junction of the three counties, Perth, Forfar, and Aberdecn, about 
8 miles south from Braemar, and 3 miles eastward of the road leading from Braemar to 
Glenshee. It is marked by a hole 2-5 inches deep in acentre stone, and built over 
by a pile of stones 20 feet high and 45 fect in circumference at base. 


Goat Fett, 1852. This station is marked by a hole 1-5 inches in diameter, and 3 inches 
deep, cut in the rock on the highest point of Goat Fell Mountain, 5 miles north- 
west of Brodick village in the Isle of Arran. It is the centre of a square formed 
by four pickets, on which the theodolite was supported. These pickets are wedged 
into the rock, and are covered by a pile of stone and turf 10-5 feet high, and 30 feet 


in circumference. ‘The road to it by Brodick and the mill-dam is very rough, but 
not steep till within 2 chains of the top. 


Goonuituy, 1846. ‘This station is situated on a bleak moor known by the name of Goon- 
hilly Downs, about 6 miles south-east from the town of Helston, and 1-75 miles nearly 
due south of St. Martin’s, in the county of Cornwall. The site of the station is a 
small mound, from which the undefined boundaries between the estates of different 
proprictors diverge. ‘The point on the mound from which these boundaries radiate is 
marked by a beacon placed over the site of that which has obtained the local name of 
the “ Dry Tree;” and it is now marked in addition by a stone having a hole bored 
in it, and placed 3 feet under the surface, and the beacon re-erected thereon is 
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pile. This point is 
supported by three braces, cach 12 feet long, and a small ene a ‘ os 
identical with that from which the zenith sector observations were m: 


‘ch, i county of 
Gorteston Cuurcy Tower, 1843. ‘The station at Gorleston Church, in the y 
Norfolk, is in the centre of the top of the tower. 


: in the 

Great String STATION, 1850, is about 1 mile south-west of the a ee vant 

parish of Peterhead and county of Aberdeen. Itis 25 feet peste i ae sted the 

of the hill, on which a large hole has been bored in the protru pe of the sector 

base of a flagstaff. This rock is about 4-5 feet higher ae a d Windmill near 

station, and, being used as a sea mark in conjunction Mes ne tad approached 

Peterhead, is not permitted to be removed. The quarrymen nee * red - the rock. 
Within 27 feet of it. The centre of the station is marked by a hole bo 


untain, a few 
Grear Wuernsipg, 1840. This station is on the top of a — mo , 
"miles west from New Malton in the North Riding of Yorkshire. 


- Gainsborough in 
GRINGLEY. Joining the east end of Gringley-on-the-Hill, a village near Gainsboroug 


- is barrow 
Ire, isa fi ; ich j ver ' ‘row. The ceutre of this 
Lincolnshire, Is a field in which is a very large barroy 

marks the station. 


Gaurymore. The station is about 8 miles south of the town of ectnag aeriagerns 
on the summit of the Galtymore, which is the highest point : Cad cah 
range of mountains. About the middle of the summit there ae _ a cake 
covered with moss, and rising 4 or 5 feet above the ordinary surface o lemernterocl: 
On the summit of this mound is the station, marked by a ow . OTs centre hole 

the upper surface of which measures about 24.inches by 17 inches. 


; ‘ej tremendous 
is 2 inches deep and well formed. On the north of Galtymore there 1s a 
precipice, 


7 ; : di er Hill, near 
Haneer Hiv Tower, 1848, is a slight square brick-built ae . pe : - 
Faling, in the county of Middlesex. The station was upon the c 


: Tappisburgh, on 
Harrissuncu, 1843. This station is on the tower of the parish anes ° . Ei top of ae 
the north-eastern coast of the county of Norfolk. The an aie pr eae 
roof, the centre of the theodolite being made to correspond wl 


: ; : rth of the town of 
Harr Feu, 1847, is a mountain in Dumfriesshire, about 6 miles rapes iy calle 
Moffatt ; the station is on the highest part of the mountain, . the height of 3 fect, 
14 feet in diameter at base and 16 feet high, built of ee ° t was in position is 
and the remainder of turf. The site on which the ace ane a halfpenny 
denoted by a centre stone with a hole drilled in it, in which is i 
(date 1806), ion mark somewhat 
It may be well to remark that there is the ap Peat ac’ . a were a 8 small holes 
lower and to the westward of the true station, consisting of a 
round a centre one. 
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Henssarnow, 1845. The trigonometrical station on this large and well-known barrow near 
Roche, in the county of Cornwall, is 17-9 feet due south from a stone denoting the 
boundary of two estates, and is marked by a stone with a hole bored in its centre, 
placed 1 foot below the surface. The zenith sector station is 72 fect south of this 
point. 


Hicu Port Curr, 1846, is on the highest and most easterly of two headlands between 
Ventnor and Bonchurch im the Isle of Wight. The cliff consists of a chalky marl, 
and rises perpendicularly from the sea to the height of about 130 fect. The station 
was 9 fect from the edge of the cliff at an angle projecting southwards, and 6 and 13 
feet respectively from two re-entering angles on the west and east sides; but, from the 
crumbling nature of the soil, the site will probably be found nearer the edge of the 
cliff than as above mentioned. The station on which Airy’s zenith sector was placed 
in Port Valley is in the bottom of the valley, 263 feet on the north side of the 


Hich Port Cliff Station, and in a line with it and the south-east station on Boniface 
Down. 


Hicu Wiunays, 1845. This station is on the rock of the same name in the parish of 
Oakhampton, in the county of Devon, from which town it is distant about 5 miles 
south, and is about 1 mile south of a well known rock called “ Yes Tor,” which may 
be seen from the common called Oakhampton Park. The site is marked by a good 
stone pile, 20 feet high, erected above the centre mark of the station, which is a hole, 
3-5 inches deep, drilled into the solid rock. The pickets. on which the mstrument 
rested were left in position, and being of hard wood, and let into the rock and 
fixed with lead, are likely to remain some time. 


Hitt or Howrn. This station is on the highest of a series of peaks and ridges of nearly 
equal altitude in the promontory of Howth, in the county of Dublin, and close to the 
eastern edge of a quarry. It was marked by a centre stone with a wooden plug 
driven into it, and the posts (about 1-5 fect long) which supported the instrument 
left in the ground. A pole, with pile surrounding it, was left over the station. 


Hineuam Tower, 1843. This station is over the centre of the tower of Hingham parish 
church, in Norfolk. The tower is a plain stone building, about 120 fect high, 
without pinnacles, and the instrument was supported on three uprights let into two 
strong joists, which were let into the walls of the tower a few feet below the roof. 


Home Moss, 1841. This station is on the highest part of a large broad-topped moorish 
hill south-west of Holmfirth, and crossed by the road leading from Further to Hudders- 
field. About 9 fect of the soil at Holme Moss is soft black turf or moss, good for fuel. 

The station is marked by a pile, which at an examination in 1841 was found to 
have been erected over the framework on which the instrument was placed. 
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Huneny Hr, 78 32, 1843, is in the parish of Adrigole, about 5 miles north-cast from 
Castletown, Bantry Bay, county of Cork. The hill has two summits, about three 
quarters of a mile apart. The station is on the higher and more northern one. 
The site is marked by a hole bored in the rock, which is within 1 foot of the surface, 
and the pickets which supported the instrument; the whole is covered by a pile. The 
zenith sector and trigonometrical stations are identical. 


Inctenorovan, 1807. This station is on the top of the mountain of this name, 5 miles 
cast of Ingleton Village, in the West Riding of Yorkshire; it is about 60 yards from 
the highest part of an old building towards the north-east, which building is on the 
nearest: brink of Ingleborough from the station south-westward. 


Inxren Beacon, 1844. This station is situated on or near the highest point of a cultivated 
field known by that name, about 2 miles south-east of the village of Inkpen and 1 mile 
north of the village of Coombe, in the county of Wilts. 

The stone marking the centre of the station Is imbedded in the soil at a depth of 
4 fect. | 

There are no measurements for refinding this point, as there were no permanent 
objects in the vicinity to which it might be referred. 


Jura, Nonrri Par, 1847. The station thus denominated is situated on the summit of the 
mountain called Beinn-an-oir, the highest and most northerly of three hills at the souith- 
west extremity of Jura in Argyleshire. A pile, 16 feet high and 17 feet in diameter, 
18 erected over the centre stone. 


Karnnonetits. This hill is situated in the parish of Wendron, in the county of Cornwall. 
The station is on a flat, between two eminences on the top of the hill, and is marked 
by a round hole cut in a stone, with a pile of stone 15 fect high and 38 feet m cir- 
cumference at base erected over it. A new stone fence has lately been built 51-5 
{eet south of the station. 


Karnanwnis, 1845. This station is in the parish of Towednack, in the county of Cornwall, 
about 3 miles south-west of St. Ives, and about a quarter of a mile south of the road 
leading from St. Ives to Zennor Churchtown. The site of the station is a bare rock, 
close on the south-west side of an old ill-defined cairn (the summit of the cairn 1s 
about 8 fect higher than the station), from which the station is separated by an old 
fence, which at this place is the boundary of the parishes of Towednack and Zemnor. 
A turf pile indicates the site, and as the centre mark of the station a hole 2 inches 
deep was drilled in the rock beneath the pile. The piles which supported the 


instrament were Iet into the rock with lead and left in position enclosed in the 
pile. 


Keeper, 1830. This station is on the top of the Keeper Mountain, about 6 miles vee 
north-east of the village of Newport, in the county of Tipperary, and 3 miles east o1 the 
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chapel and national school-house of Killascully. On the north-north-east summit 
of the hill is a large cairn of stones, on the top of which is the station. The 
centre stone, which is level with the surface, measures 31 inches by 20 inches, 
and has a hole 2 inches deep drilled in its upper surface. This, with the pickets of 
the great instrument frame, is covered by a pile 6 fect high, or 10 fect above the 
general surface. About one chain south-south-west of the station there. is a collec- 


tion of stones resembling that upon which the station is, but not so high or so well 
formed. 


Kee Law, 1847. This station is about 4 miles north-west of Anstruther, in Tifeshire, 


on a hill of the same name, and is 30 fect north-west from the centre of a large 
barrow. It is marked by a hole 4 inches deep in the centre of a stone measuring 
2+5 feet by 1-3 feet, and placed 3-3 feet below the surface of the ground. There is 


a stout pole 30 feet long, with a cross on its top, resting on the centre stone, and a 


small pile built around it. From this pomt the zenith sector station is distant 210-1 
feet, bearing 302° 53’ from the south. 


Keysor Srinz, 1843. This station is comcident with the centre of Keysoe Church Spire, 


ina small village near Kimbolton, in Huntingdonshire. 

The spire is tall and slender, and to obtain a bearing for the instrument, about 20 
feet of the top was removed, and a simple frame of joisting was laid on the base of 
the soundholes below, on which the feet of the instrument stood, just high enough 
to give a clear view over the wall top, and with barely sufficient room for the 
observer, also inside of the spire, to move round the instrument. 


Kiprure, 1829. This station is on the summit of the mountain of this name in the county 


of Wicklow, 10 miles south of Dublin, and about the same distance west of Bray. It is 
marked by the frame on which the instrument rested, left in the ground, and by two 
centre stones; the original one, which is large, is sunk 4 feet below the surface, and 
marked by a deeply-cut cross; the other is smaller, and rests between the upper ends 
of the posts. Three shallow cup-like holes are in line north of the true centre hole. 
A pile 18 feet in diameter,—the lower part of stones, the upper of sods,—is erected 
over the station. A small pole is supported in the centre of the pile. 


Knockatoney, 1828. This mountain is the highest of the Ox mountains in the county of 


Sligo, 14 miles west-south-west of the town of Sligo, and 4 miles south-south-west of 
Skreen. The station, which is on the summit, is marked. by a cross cut on a large 
stone. ‘The top of the mountain is covered with soft bog about 8 feet deep. 


KNOCKANAFFRIN, 1829. ‘This station is on the summit of the mountain of this name in 


the parish of Rathcormac, in the county of Waterford. It is marked by a hole 1-5 
inches in depth and 1 inch in diameter, drilled in a stone, and covered with a stone 
pile 12 feet high, and 35-5 feet in circumference at base. There is a large piece of 
rock 8 fect north-west of the station, 


te 
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Knocktayn, 1827, is in the county of Antrim, and 2 miles south of Ballycastle. The top 
of the mountain is covered with bog or peat to the depth’ of nearly 10 feet. In 
Many parts this turf has been abraded to considerable extent, and on the highest of 
the lumps: thus formed is the station. A large hole was dug through the turf, and 
the frame for supporting the instrument made to rest on the firm ground ; this frame 
Was left in position, and a very weighty centre stone was placed at the bottom of 

the hole ; another stone was placed under the pole marking the station. 


Knockmratpown. This station is on the confines of the counties of Waterford and Tip- 
perary ; it is about 3 miles south of Cloghcen, and about 15 miles south-west of 
Clonmel. When visited in 1852 no trace of the station could be found, a boundary 
fence across the top of the mountain having been constructed over the station. | 


Knocknaponrn, 1840. ‘This station is about 6 miles north-east of the town of Cahirciveen, 
in the south of the county of Kerry, and on the highest point of a high mountam, 
the north base of which forms the south coast of Dingle Bay. ‘The station is marked 


by a stone pile 7 feet hich, within which is a small centre stone slightly imbedded in 
the gravel or common surface. | 


Kxockwasxacn, 1831, in the north of the county of Cork, is about 3 miles south-west of 
Rathcormac, a village situated on the road from Cork to Fermoy. ‘The station is on 
the eastern spur of the mountain, which slopes away from this point in a south-west 
direction, and extends to a distance of about 3 miles. In the immediate vicinity of 
the station the mountain has a thin covering of peat moss, but without any heath. 
The centre stone is a piece of sandstone, having a hole about three quarters of an 
inch deep in its smooth upper surface, and placed about 24 inches under the surface, 
Over it is a pile about 8 fect high. The remains of the old cookhouse are about TOO 
yards north-east of the station ; and from the circumstance of there being a little turf 
or heath where it was built, it is likely to remain a permanent object. 


Lawsnat Cuurcn Tower, 1843. The station on the church of this parish, in the county 


of Suffolk, is on the top of the tower, and at the intersection of two lines drawn from 
the corners of the parapet inside the tower. 


Laxriretp Tower, 1845. The station so designated is upon the tower of the parish church of 
Laxfield in the county of Suffolk. The station is in the centre of the top of the tower. 


Layron Hn, 1817, is situated in Aberdeenshire. It formed the northern terminus of the 
Belhelvie Base measured in 1817, but the exact station cannot be identified, as the 
ground about it has been reclaimed and cultivated. | 


Lerri Hin, 1844. This station is on the centre of Leith Hill Tower, near Dorking; es 
Sussex. The station of 1822 bears from this point 137° 58’, and is 78-17 feet distant 
from it. The station of 1795 bears 207° 55’, and is 42-83 feet distant. 

D 


26 PRINCIPAL TRIANGULATION, 


Lincotn Minster, 1842. The station at Lincoln Minster was on the great tower about 
4-2 feet to the north and 6-25 feet eastward of the centre of the tower. 


Lirtte Srinuina, 1814. This station is in the parish of Cruden, Aberdeenshire, about 
28 miles north of Aberdeen, 5 miles south of Peterhead, and about 1-5 miles to the 
left of a new road leading from Aberdeen to Peterhead. The four pickets which 
supported the instrument frame, and a centre picket, with a hole in it g inches 
deep, were left at the station; a centre stone was also placed over the centre picket, 


and a pile of turf, 18 fect high, with a circumference at base of 45 feet, erected 
around them. 


Lousu Foytr Basr, Norrn Eno. This station is situated in the townland of Ballymul- 
holland, parish of Magilligan, in the county of Londonderry, about 2-75 miles south of 
the martello tower on Magilligan Point, at the entrance of Lough Foyle. The ground 
between this station and Mount Se is composed of low sand hills, and is much 
broken and very rugged. 


Lovey Torte Base, Sourn Env. This station is on a small rising ground called Sheep 
Hill, about a quarter of a mile south-east from Ballykelly Church, in the townland of 
Drummond, parish of Tamlaght, and county of Londonderry. 


These stations are marked by dots made with the point of a needle in platina wires, 
goth of an inch in diameter, run with lead into holes 1-5 inch in diameter and 6 inches 
deep, bored into blocks of Dungiven sandstone, 4 feet square and 20 inches deep. 
These blocks are laid in cement above other and similar blocks roughly chiselled, and 
placed on beds of solid masonry. ©The whole at each station is enclosed in a chamber 
of masonry 6 feet square, with walls 2 fect thick and 3 feet decp, covered over with a 
lid of flagstone, with bolts and rings passing through them, by which they may be 
removed with safety to the dots. On the upper surface of the flags cross lines are 
drawn, with the crosses vertically over the dots. This masonry is covered over with a 
tumulus of earth ; and a circular wall 2 feet thick, with eight internal buttresses, is built 
as a base for an iron railing 4-5 fect high, enclosing a space 30 feet in diameter. The 


zenith sector station is in the same field with the south end of the base, from which 
point it is distant 559 fect duc cast. 


Lonemount Pore, 1843. ‘The station so denominated is situated on the range called the 
Long Mynd, and is about 2 miles in a westerly direction from the town of Church 
Stretton in Shropshire. On the completion of the observations in 1843, astone 2 feet by 
18 inches and 3 inches thick, with a hole jumped in it to mark the centre of the station, 
was placed two feet and a half below the surface of the ground. On the upper surface 
of the stone are cut the words “ Longmount Pole Station, 1843.” A pole, standing 
42 feet above the surface, was erected over the centre of the station, and a pile 18-5 
feet high and 17-5 feet in diameter built around it. 
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Menpir, 1844. ‘This station is on the Mendip Hills, in the south-east corner of a field in 
Oak Hull, Somersetshire, near the junction of four roads leading respectively to 
Giristol, Frome, Shepton Mallet, and Wells. The site is about 161-5 feet north-west 
from the finger-post at the junction of the roads, and about 94 fect north of the mile- 
stone. <A centre stone is placed 18 inches below the surface. 


Merrick, 1852. This mountain is in Kirkcudbrightshire, about 4 miles east of Polgowan 
Farmhouse, 12 miles north of Newton Stewart, and about 5 miles east of the road 
leading from that place to Ayr. The whole of the northern side of the mountain 
is bounded by a stcep cliff, from the highest point of which a sharp narrow ridge 
extends towards the north, connecting the mountain with an adjoining hill called 
Shalloch of Menach. . The station is about to yards from the point where the ridge 
Joins the top of the mountain, and in the angle formed by two fences. The frame of 
the instrument was left in position, and a substantial stone pile, 4.8 feet im circumference 
at the base and 16 feet high, was erected above it. The dimensions of the centre stone 
are 2 feet by 1-4 fect, and 5 inches thick; the hole marking the centre is 2 inches deep. 


Micxrietp Cuurcn Tower, 1845. This church is near Debenham, in the ‘county of 
Suffolk. It has a square tower, and the station is nearly in the centre, being 8-1 feet 
distant from the north parapet wall, 7-1 feet from the south wall, 8-8 feet from the 
east wall, and 7-5 feet from the west wall. The instrument was raised by scaffolding 
about 30 feet above the parapet. | 


Mix Hint, 1850. This hill, also known as Alton Hill, is in the parish of Stanton, in 
Wiltshire, about 2 miles north of Honey-street wharf. The station on this hill is in a 
cultivated field, about 877 links west from an artificial pond or reservoir, sur- 
rounded with a thorn hedge, and about a mile and a quarter cast of a house on the 
suminit of St. Ann’s Hill. A coarse stone, with a small hole in its centre, is placed 


2 feet, below the ordinary surface; to denote the precise spot from which the obser- 
vations were made. | 


Monacn, 1839, is a saddle-backed hill, in the parish of Stornoway, in the northern part of 
the island of Lewis. The surface of the ground is 813-8 feet above the mean level 
of the sea, as obtained by spirit levelling; but from the fact of the hill rising from an 
extensive flat moor, with no other high ground in its vicinity, it is a very conspicuous 
object from every direction, and cannot be mistaken. It has two summits, lying east 
and west of cach other; the station, which has also been adopted as a sector station, 
is on the highest part of the eastern summit. 

The ground surrounding the station being all soft and peaty, and the instrument 
when in position not being insulated, a slight tremor was detected on closely watching 
the bubble of the level when any jumping or concussion of the ground on the outside 
took place ; otherwise the instrument was firm and steady. A pile, 14 fect high and 
57 fect in circumference, marks the station. 
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Mounr Barrocx, 1847, is a high mountain at the eastern extremity of the Grampian 
Hills, and in the county of Kincardine, about 4 miles west of the “ Muckle Stane” of 
Clachnabane, which nearly overhangs the high road from Kincardine O’Neil to Fetter- 
curn, and about g miles west of the bridge of Dye on the road Jeading from Ban- 
chory to Fettercaim. ‘The station on this mountain is marked by a pile of stone, 
16 feet high with a diameter of 15 feet. The framework which supported the 
Instrument during the observations in 1847 was left in the ground, and the centre from 
Which these observations were made is marked by a stone, with a hole 1-5 inches 
deep, placed level with the surface in the centre of the four piles on which the instru- 


Ment stood, and level with their tops in the true vertical line of the original centre- 
mark, which was removed. 


Monrnmontu, 1847. The hill on which this station is situate is called Mormond, and is 
about 3-5 miles north-east of the village of Mormonth, otherwise known as Strichen, 1D 
the parish of Rathen, in Aberdeenshire. The station is on the south-east summit 
of the hill, but there js no permanent object. near it by which its position could be 
pointed out. It is, however, marked by a stone with a hole 1-5 inches deep, placed 
5°7 5 feet below.the surface of the ground, in the centre of the frame on which the 
instrument was fixed, which was left in position. <A pile of turf, 16 feet high and 
15 feet in diameter at the base, was erected above the station. 


Mounr Lurnsrer station is on the summit of the mountain known by this name, about 
5 miles north-north-west of the village of Kiltealy, and about an equal distance 
West-south-west of the town of Newtown Barry. The station is marked by a large 
and irregular pile of stones, having a circumference at base of about 7o feet. The 
centre stone, which is a piece of granite measuring 32 inches by 12 inches, having a 
good hole in its centre, with four other holes round it, each about a quarter of an inch 
deep, is in the centre of the pile, about 6 feet above the general surface of the ground. 


Mowcorr, 18 51. Mowcopt is the highest of a range of hills, extending in a south-west and 


north-east direction in the county of Cheshire. ‘The station on this hill is situated 
about a mile and three quarters north of Newchapel, and about 3 miles south-west of 
Biddulph Church tower. The site of the station is marked by a well-defined hole 
bored in a large stone, the upper surface of which is placed about 8 inches below the 
general surface of the ground, and is about 24 feet 10 inches south-east of a large cut 
picket or cross on the edge of a precipice. A pole 21-5 feet high was set up over the 


Centre, and a stoné pile 41 feet in circumference at base and 7 fect high erected 
around it. 


N ‘ | Ld . : 4 : Tr * - 
Aseby Tower, 1842. ‘This station is over the centre of Naseby Church tower in North 
“mptonshire. The tower is free from pinnacles, and the instrument was raised on a 


scaffold just sufficiently high to enable the observer to isolate the instrument from the 
roof of the tower. ) 
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Naugutron Cuurcu Tower, 1845. The station on this church tower, in the county of 
Suffolk, is in the centre of the roof of the tower. The instrument was placed over the 
centre of the tower on a platform about 14-5 feet high. The station was not free 
from motion. 


‘Nopes Beacon, 1845. This hill is in the parish of Freshwater, Isle of Wight, about 6 
miles south-west of the town of Yarmouth. On the highest part of this well-known 
spot, and about 1-5 miles from the lighthouse on the Needles Point, there is a large 
barrow on which there is a beacon about 4o feet high. 

The station commands an open view of the sea between St. Catherine’s Point and 
St. Alban’s Head. 

The station is on the northern side of the barrow, about 32-75 fect from the centre 
of the beacon, therefore no object was erected over the site. A large stone, with a hole 
in its centre, was sunk 3 feet below the surface to denote the station. 


Nortu Rona, 1850. This station is on the south-east and highest point of the island of this 
name, about 47 miles north-uorth-east of the Butt of Lewis. The hill is 355-2 feet 
above the level of the sea, and is very precipitous on the east side, but sloping gently 
towards the west. The zenith sector station of the same name is 24 fect north-north- 
west of the trigonometrical station, and both are marked by holes bored in the rock. 


Norwici Spire, 1844. This station is on the top of the spire of the cathedral church of 
the city of Norwich in the county of Norfolk. The vane and the upright stone were 
removed, and the instrument placed on the flat stone composing the leaves of the finial, 
the centre of the instrument coinciding with the centre of the vane. The observatory 
was supported by a scaffolding built round the spire, and connected at various heights 
with its inside frame-work to within 30 fect of the top, above which height the 
scaffolding supported itself quite independently. The height of the scaffolding was 
81 feet, and the instrument was 299 fect above the ground. 


Norwoop, 1844. This station is near the north-west, corner of a cultivated ficld on the 
east side of the road leading from Sheerness through East Church in the Isle of 
Sheppey. It is marked by a well cut square stone with a hole bored in its centre, 
and thic letters B.O. and a broad arrow cut on it. The stone is about 3 fect under 
the surface. ‘The instrument was raised on a stage 31 fect above the ground for the 


purpose of obtaining a clear view over various trees in its immediate vicinity on the 
west side. 


Otp Lopce, 1849. ‘This station is in Old Lodge Farm, in the parish of Lower Wallop, 
Hampshire, about 3 miles west of Lower Wallop Church. The site of the station is 
jn a plantation about 40 chains north-east of Old Lodge farmhouse, and is marked by a 
square stone, with a hole m it 1+5 inches deep, placed 15 inches below the general 
surface. 
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Op Sanum Casrtp, 1849. This station is on the highest part of the north-west side of 
the inner ring of Old Sarum Castle, in Wiltshire. 
The station is marked by a piece of green sandstone sunk 2-8 feet below the surface. 
The stone has a hole drilled in it to the depth of about 1-5 inches, which was after- 
Wards filled in with lead around a piece of copper wire, which projects about an 
cighth of inch above the surface of the lead ; the piece of wire marks very accurately 
the point above which the instrument was placed in 1849. 


Otp Sarum Gun, 1849. This station is the south-west end of the base line measured on 
Salisbury Plain during the summer of 1794, and was then marked by an iron cannon 
imbedded in the eround, with its muzzle projecting about 12 inches above the 
surface. It is situated on the right hand side of the road from Salisbury to Ames- 
bury, and 61 7 links on the Salisbury side of the second milestone on that road, and 
about 25 feet east of the boundary of the road. The centre of the bore at the 
muzzle was adopted as the centre of the station of 1849. A picce of hard wood 
driven into the bore, and having a needle inserted in its centre, denotes the precise 
station, and the extremity of the base line. 


Orrorp Castie, 1843, isin the town of Orford, on the east coast of Suffolk. 

The instrument was placed exactly above the centre of the spot occupied by the 
llagstaff, which was cut down for the purpose, but afterwards replaced. Should the 
flagstaff at any time be removed, the station may readily be found from the circum- 
stance of the heel of the staff having rested on the newel of the stone staircase. 


PappLuswonrn, 1844. This station is situated in a grass ficld near Paddlesworth Church, 
In the county of Kent, and not far from the highest ground. It is about 726 feet 
east-south-cast of a circular fir plantation, and marked by a large stone, having the 
words “ Station of 1844.” cut on it, with a hole 3 inches deep to mark the centre, sunk 
1-75 fect below the surface. A pole 34 fect high was also erected over the centre. 


Panacomnr, 1845. The ‘station at Paracombe, on the summit of a high hill in the north- 
West coast of Devonshire, is about 2 miles south-east of the village of that name, 
and about 1-25 miles west of Longstone Bar. The hill forms part of the Exmoor 
range, and has several barrows on its top, and a stone wall running along it. The 


station was upon the third barrow from Paracombe, and about 23 fect from the 
wall, 


“ 


Pennie Eun, 1841. There is a round conical barrow about 10 fect diameter upon the hill. 
The centre of the barrow is the station, and is marked by a stone, measuring 30 inches 
by 18, with a hole jumped in it. 


f 


Peninnis, 1850, is in the Isle of St. Mary’s, one of the Scilly isles. The station 1s upon 
the top of the Windmill, and in the centre. 
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Pertinney, 1845. This station is on a low round hill about 2-5 miles south-south-east 
of the village of St. Just in Cornwall, and about half a mile west of the road leading 
from St. Just to Sancreed Church. The station is within the ruins of an old fort and 
near the north-west side; it is marked by a stone having a hole drilled in it 2 inches 
deep and placed level with the surface. The pickets on which the instrument rested 


were left in the ground, and a pile of stones raised above them to the height of 12 feet, 
with a diameter at the base of 9 feet. 


Prespon, 1845. This station is on the hill known as Pillesdon Pen, in the county of 
Dorset, about 2 miles north of the village of Pillesdon, 3 miles south-west of Broad- 
winsor, and 7 miles north-west of Bridport. Two series of angles have been taken 
from the hill, the first im 1795, and the latter in 1845, on both occasions with 
the Ordnance 3-foot theodolite. The present station is on the south-east point of the 
remains of an ancient fortification on the top of the hill, about 40 perches to the 
right of the road leading from Broadwinsor to Axminster. A stone with a small hole 
in it to denote the centre of the station, placed 18 inches below the general surface, 
marks the precise position over which the instrument was placed in 1845. In 1850 
a pole was erected above the centre stone. 


PLynitumon, 1805. The station on this celebrated mountain in Wales is 9 fect north of 
the centre cairn on the top of the hill, and marked by a stone pile. 


Precetty, 1842. This station is on Precelly mountain about 14 miles from Haverford- 
west, in Pembrokeshire, South Wales, and in a north-easterly direction from it. It is 
about 2 miles north-east of the New Inn, and about half way on the high road between 
the towns of Haverfordwest and Cardigan. ‘The mountain is of a conical shape, and 
has two small barrows on its summit; on the centre of the south-western barrow is 
the station. 

On completing the observations in 1842, a centre stone 2 fect 6 inches long, 1 foot 
9 inches broad, and 1 foot 4 inches thick, with a hole in it, was left to mark the site, 
the upper surface of the stone being about 18 inches below the surface of the ground. 
In attempting to place the stone in the hole, it fell with the side in which the hole had 
been jumped undermost, and as its great weight rendered it very difficult to move 


it, a fresh hole was jumped in the upper surface of the stone, and marks the centre of 
the station. 


Ronas, 1821, is a large flat-topped hill in the north-west of the Mainland, one of the Shet- 
land Isles. ‘The hill is covered with blocks or boulders, and the débris of granite. 
The station is on the highest part of the hill, about 45 yards north-west-by-north of 
the ruins of an ancient watchhouse, and is marked by an oblong stone about 5 fect 
long, with a hole bored im it to mark the centre. The wooden centre, and the pickets 
on which the stand of the instrument was fixed, were also left in the ground, and a 
large pile of stone 13 feet in diameter and 16 feet high, was erected around a staff 
placed over the centre stone. 


~ 
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Rue Rea, 1848. This station is on the highest ground about Rue Rea Head in Ross-shire. 


/ 


It is about to miles north-west of Poolewe, about 5 miles west of Inveransdale, 
about 1-5 miles north from Melvaig, and about 2 miles south-east from the extreme 
headland forming the entrance to Loch Ewe. ‘The ground for some miles about the 
Station is of a very soft and bogey nature, so much so that it is a difficult matter 
to approach the station in wet weather; but the station itself is on a bed of firm 


and sandy ground. <A turf pile, 45 feet in circumference at the base and 15 


feet high, indicates the position of the station, which is also marked by a hole in a 
large stone placed about 2-5 feet below the surface, and within the frame on which 


_ the instrument stood; the top of the frame is level with the general surface. ‘There 


1S not a mark of any description near the pile that could be taken for it from any 
direction. : | 


Rypen’s Hitt, 1845, is a flat hill situated about 6 miles west-by-north of Buckfastleigh Church 


and about 4 miles from the small village of Holne, and nearly an equal distance from 
the Two Bridges Inn in Devonshire. The station ison the summit of the hill, and 
is well known by the name of “ Peter on the Mount,” by the inhabitants of the 
South Dartmoor. About 12 feet south from the station stands a stone with the 
letter H rudely cut on it, to mark the limit of the parish of Holne in this direction ; 
the parochial authorities in their annual perambulation describe the stone by the name 
Peter on the Mount. The entire framework used in the support of the great instru- 
ment was left in position, and a stone, with a small hole 2 inches deep to mark the 
centre, was also placed on the gravel within the frame; the interior of the frame is 
filled up with stones level with the surface, and a turf pile, 12 feet in diameter and 
13 feet high, was erected above it. 


St. Acnes STATION, 1850, is situated 219 fect to the north-east of the lighthouse in the 


parish and island of St. Agnes, one of the Scilly Islands. It is close ‘to the road 
which passes the lighthouse and the church, on a small common used as a play ground 
by the children attending the parish school. The centre is marked by a hole in a 
stone sunk 2 feet below the surface. 


~ 


St. Ann’s Hint, 1792. This station is upon St. Ann’s Hill, m the county of Surrey ; 


It 1s about 20 feet below the top of the hill, and on being revisited and identified in 
1844 was marked by a centre stone and a pole. In consequence of some obstructions 


, to the view a new station was prepared on the top, about 285-5 feet from the old 


station, but no observations were made from it, 


St. Marrin’s Heap, 1850. This is a station on St. Martin’s Island, one of the Scilly Isles, 


b ’ 1 
cacon know n as St. Martin’s Daymark. 
E 


on the coast of Cornwall. The site of the station is about 50-6 feet from. a large 


| 
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Sr. Paut’s, 1848. This station’ is on the centre of the top of the cross on St. Paul's 
Cathedral. A cradle to fit the cross was constructed of scantling, on which the 
instrument stood, and a scaffold was erected from the golden gallery to the same 
level, and on the floor of this scaffold the observatory rested. 


Sr. Perrr’s Cuurcu Tower; 1844. This church tower is that of the parish church of 
St. Peter’s, in the Isle of Thanct, Kent. 

The station is on the centre of the tower above a signal house on the top of the 
tower, formerly used for telegraphic despatches. The stage on which the instrument 
was fixed was-erected around the original house upon the same base, but was otherwise 
perfectly isolated from it. 


SAWEL, 1827, is situated 7 miles south-west from Dungiven and 2 miles from Learmont, 

in the county of Derry; its summit is round and covered with bog to the depth of 

6 feet. The sub-stratum is mica slate, varying much in hardness. <A centre stone, 

3 feet long, 2-75 feet wide, and nearly 3 foot thick, and marked with a hole, rests 

between the tops of the frameposts, is wedged tightly with stones, and further secured 

by mortar; on this was erected a staff, and around it a pile of stones and turf 15 feet 
high and of rather greater diameter, was built. 


Sarrs Law, 1846, is the highest point of the Lammermuir Hills, in Haddingtonshire, about 
10 miles south-cast of the town of Haddington, and 7 miles cast of the village of 
Gifford. There is no permanent object near the station, except a pile on West Hopes 
Hill, about 1 mile west. The site of the station is marked by a pile of turf, 20 feet 
high and about 58 feet in circumference at base, erected above a large stone about 
2 feet long and 10 inches wide with a hole through it, under which is an oaken picket. 
The frame upon which the instrument was fixed was left in position over the centre 
stone and picket. , _ 


Saxavonp, 1817. This station is on the‘hill of that name in the parish and island of Unst, 
the most northerly of the Shetland Isles; it is an isolated hill at the northern extremity 
of the island, and rises abruptly from the sea to the east of the north extremity of a 
range of hills, extending from the north-west point of the island at Hermaness to the 
south-east point at Mouness; the hill sloping off rather more suddenly to the north 
than towards the sduth. The station is marked by a stone with a hole in its centre 
placed about two feet. below the surface, and a small pile of stones about 8 feet in 
height above the general surface, which is by calculation 937 feet above the mean 
level of the sea. Observations were taken from this station with Airy’s zenith sector. 


Sca Fett Pree, 1841. This hill lies between Eskdale and Wastdale, in the county of 
Cumberland ; its summit is about three quarters of a mile north-east of Sca Tell, 
from which it is separated by a deep chasm called the Mickle Door. The station is 
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marked by a pile, 21 feet high and-18 feet in diameter, beneath which the frame on 
Which the instrument stood, and a centre stone with a hole im it marking the exact 
centre of the station, will be found. The nearest houses are at Wastdale Head, 
from whence the station is best-approached. 


Scaranin, 1839, in. the county of Caithness, is situated. about. 4 miles left of the road 


between Berriedale and Dunleath, both on the mail-coach -road from Inverness to 
Thurso. The nearest houses to the foot of Scarabin are at Bracinar, about 2 miles 
north. The top of the hill is covered with loose stones. The central and highest 
summit, wpon which is the station, has rather a flat surface just below the highest ridge, 
and the pile denoting the station is a little to the left of it. 

The pile constructed at the conclusion of the observations in 1839 was of stone, 
20 feet in diameter and 20 feet on slope. 


SCOURNALAPICH, 1846, is a high mountain in the north-west of the county of Inverness, 
close to the borders of Ross-shire. The site of the station of 1846 is about 100 feet 
West-south-west of the highest peak of the mountain, and is covered by a pile of 
stones 22 feet high and about 16 feet in diameter, raised above the frame and platform 
on which the instrument rested. 

The piles of the framework were not driven into the soil, but were mortised into a 
Square frame, which was placed on the natural surface of the mountain, and built 
round with stones to the height of 3 fect, forming a foundation for the platform of 
the observatory: In the centre of the 4 piles, a stone with a hole drilled in it about 
2 inches deep, was inserted to mark the centre of the station. 


_ The route to the station is by Struy Bridge to Invercannich Bridge and the head 
of Loch Molardich. é 


SEVERNDROOG Tower, 1848. The statign so called is the centre of the north-west turret of 
Severndroog Castle on Shooter's Hill, in the parish of Eltham, county of Kent. . 
From this point which is the station of 1822 aud 1848, General Roy’s station of 
1792 18 10-73 inches distant, and hears 157° 30’ from the south. 


SLIEVE Donanp, 1846. This station is on the top of the highest of the Mourne mountains, 
m the county of Down, in Ireland It is marked by a hole bored in the centre of a 
Square stone, measuring 3-5 by 3-5 fect, and by a pile of stones built over it. 


SLIEVE Leacur,. 182 8, is a high mountain, about 12 miles west of Killybegs, in the county of 
Donegal, and forms the extreme south-west promontory of the county in which it 1s 
situated: The hill has three not very conspicuous sumiunits; on the western of these 
is the station. On the eastern brow,—close to the cliff,—of the western summit, a a 
of stones, 30 feet in diameter and 4 fect high, indicates the spot where ‘the oe 
Instrument was once in position on the wildest headland probably im Great ane S 
Ireland. The centre stone is a piece of mica slate, measuring I -67 feet by Tr) a 7 
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imbedded in gravel and small stones, having a hole an inch and a half deep in its 
centre; the hole cannot be called a well formed one, being a little too wide’ at the 
opening, but still sufficiently defined for its use. About 1 mile east of the station, 
and probably 1,000 feet below its level, is a limestone quarry. 


SuievE More, 1831, is an isolated hill in the north end of the island of Achill, in the county 
Mayo. Its length is in an east and west direction, and the pile denoting the station 
is about 2 chains west of the eastern extremity of its summit. It is marked by a 
hole in a piece of mica slate, measuring 24 inches by 14 inches, level with the surface, 
and having its length in a north and south direction. The centre hole in the stone 
is an ill-shaped one, being nearly 3 inches in diameter, and scarcely 1-5 inches deep. 
Slieve More station is about 2-5 miles north-west of the chapel Dukenella, and 3 
miles north-north-east of the village of Keel. It would be difficult to ascend the 
mountain from any side except the west. 


SLIEVE SNAGHT, 1827. This mountain is in the parish of Carnadongh, in the county of 
Donegal. The station, which is on the highest part of the mountain at the east end, is 
marked by a stone about 2 feet square, having a hole 2 inches deep drilled in its centre, 
with a pile of stone, 14 feet high and 50 feet in circumference at base, erected over it. 


SNowDON, 1842. The station on this celebr ated mountain in North Wales is upon the 
highest peak, and is marked by a pile 20 feet in diameter, beneath which a hole is 
bored in the rock to denote the centre. 


SouTHampron Station. This station was over the chimney of the west wing of the 
Ordnance Map Office, 4 inches south from a broad arrow cut on the south edge of 
the partition between the two central funnels. , 


T’rom this station the zenith sector station is caustant 108-0 feet, and bears 28 5 53 
from the south. 


Soutn Brruie, 1840, forms one of a range of hills running north-east and south-west 
throughout the Isle of Man; it is about 7 miles north-east of Castletown, and 6 miles 
south-south-east from Peel. 

The station is close to the south edge of the hill, and nearly in the centre of the 
diameter of a semicircular wall, distant about 200 yards from the station, which wall is 
supposed to have been the boundary of an ancient Danish camp, and is so called at the 
present time. A large slate stone with a hole bored init, sunk 3 feet below the surface 
of the ground, marks the station. The sector station of 1842 is identical with this 
station, but that of 1845 is 74 feet due south, and about 16 feet lower. 


Sout Loryam Town, 1844. This is the parish church of South Lopham, in the county 
of Norfolk. The instrument was placed above the centre of the top of the tower, 
upon a platform 19-25 feet.above the battlements. 
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NOUTH Ronaupsnay, 1821. The station on the island of South Ronaldshay, one of the 

| Orkney islands, js upon the top of the Wart Hill, where a mound of turf and stone 

marks the situation of an ancient watch-house. The instrument was placed on the top 

of the mound; a centre stone was sunk in the ground, and a pole and pile erected 
above it to mark the site. 


SOUTHWoLp Tower, 1844. This station is on the centre of the square tower of Southwold 


church, on the east coast of Suffolk. The instrument was raised 23 feet above the 
top of the tower by scaffoldings. | 


Stoke Tower, 1844. This station is on the church tower of the parish of Stoke, in the 
county of Suffolk. ‘The instrument was placed in the centre of the roof. 


Storr, 1847. This station is on the top of Storr Head, a remarkably rocky and precipitous 
mountain, near the village of Rig, on the east coast of the Isle of Skye. 


STRONSAY, 1821, The station on Stronsay, one of the Orkney Isles, is on the highest 
ground of the island, and near the Burgh Head. It is marked by a centre stone 
with a hole in it, and by a pile of stone and turf. | 


SWAFFHAM, 1843. Swaffham church spire, in the county of Norfolk, was selected for a 
Station in the month of September 1843, to correct the triangles of Cambridgeshire 
With those of the north and east of Norfolk. The station was on the north-east 
corner of the tower, and the instrument was placed on a stage which raised it within 
1g feet of the top of the spire, which was sufficient for the purpose of observing all 


the principal stations that had taken the spire. 


* 


Swyre Bannow, 1845. his station is on the west side of an artificial mound raised about 
70 or 80 years ago by the proprietor, Mr. Pitt, on Swyre Head, about 1 mile west of 
Encombe House, the seat of Lord Eldon, and about 2 miles north-west of St. Alban’s 
Head, and nearly an equal distance south-east of the small village of Kimeridge, on 
the sea-coast of Dorsetshire. A block of stone weighing about 1-5 cwt., with a hole 
Mm it, placed 4 inches under the ordinary surface, marks the station. In the centre 
of the hole is a piece of rod iron (a quarter of an inch in diameter) run in with 
lead and projecting 1 inch above the surface of the stone; the centre of this piece of 
iron denotes the precise centre from which the observations were made. The four 
piles on which the instrument rested were left in the eround. . The ground about the 
station is the property of the Earl of Eldon, and, as it is used as a preserve for game, 
the station may remain a long time undisturbed. 

Tana Hit, 1829, is about 3 miles north-east of the town of Gorey, in the county of Wex- oe 
ford; it is a rough rocky hill, and in an ordinary sized carn of stones in its summit IS 
the station; it is marked by a centre stone, having a good round hole in it 1-5 inches 
deep, level with the surface of the mountain, and a stone pile above it 12 fect high. 
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Tarparuy, 1817. This station is situated on Tarbathy Hill, on the coast of Aberdeen- 


shire, and was the southern extremity of the Belhelvic Base. No trace of the exact 
site of the station is now in existence. 


Taur, 1834. This hill is about 7 miles north-east of King William’s T own, on the confines 
of Cork and Kerry. The station is on the summit of the hill, which is flat or rather 
concave about the station ; in the centre of this concavity there is a small mound of 
stones, and the centre of this mound is the station. The pile is about 6 fect high, 
and the centre stone will be found 4-5 feet under the surface,—an irregular shaped 
stone weighing between 80 and go pounds. The top of Taur hill is covered quite 
close to the station with good peat moss. ‘There are no stones on the hill, with the 
exception of those about the station. | 


TAWNAGHMORE, 1843, is a long narrow-topped hill in the county of Mayo, Ireland, about 
2 miles from the coast guard station at Belderg. The station, which is identical with 
the zenith sector station, is on the highest point of the hill, and is marked by the 
frame on which the zenith sector rested, which was left in the ground: 


TrLecrarn Tower, 1850, is a station so called after the telegraph tower on which It is 
situated, in the island of St. Mary’s, one of the Scilly Isles. The station is in the 
centre of the top of the tower. 


Tuarrietp, 1843. This station is on the high land eastward of the village of Buckland, in 
Hertfordshire. 


\ 


TuHaxtep Cuurcu Spire, 1844. This station is immediately over the centre of the coping- 
stone of Thaxted church spire. The instrument was supported by a scaffold erected 
from about the middle of the spire, and the observatory was supported by another 
scaffold erected from the top of the tower at the base of the spire. . 


Titron, 1843. This station is situated in a pasture field, which is the second from and on 
the north side of the road leading from Tilton village towards Oakham, in Rutland, 
and at a distance of nearly 2 mules from the former. It is marked by a centre stone of 
irregular shape, measuring about 18 inches by 16 inches, having a hole, 3 inches in 
depth and 1 inch in diameter, bored in its centre, sunk 3-5 feet below the gencral 
surface of the hill. The square wooden frame on which the instrument rested was 


left in the ground, the top being nearly level with the surface; and a pile of turf, 
12 feet in diameter and {Lo feet in height, has been erected over it. 


Torts Tower, 1845. This tower is that of the parish church of Tofts, in the county of 
Norfolk. The station is in the centre of the roof of the tower. 


\ ; 
Trevose Heap, 1846. The station on this licadland in the Bristol Channel, about 5 miles 
north-west of Padstow, in the county of Cornwall, is on the most prominent part, and 
917 links east-south-east of the centre of the lighthouse. | 


s 
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‘Trosray, 1827. ‘This mountain is in the county of Antrim, 6 miles south-west of Cush- 
endall. The station is on the top of the mountain, and is marked by a pile of turf T5 

, feet in height, and 50 feet in circumference at base. The top of the mountain is long 
and flat, and exceedingly bogey and wet. | 


Urcor Dowy, 1850. This station is situated in a cultivated field on Upcot Hill, in the 


northern part of Wiltshire, about 1-25 miles cast of the church tower of Broad Hinton, 
and about 5 miles south of Swindon church tower. The site of the station is marked 
by a Piece of freestone, measuring 15 inches by 12 inches and 6 inches thick, with a 
hole, 1 inch in diameter and 2 inches deep, bored in it’ The upper part of the stone 
is about 1-3 fect below the general surface of the ground. A pole, 12 feet long, was 
placed perpendicularly over the station. 


. Vicars Cann, 1827, is on a cultivated hill, about 4 miles south-south-east of the city of 


_ Armagh. The station is on the summit ofa large carn of small stones known by this 
name. It is about 24 feet in diameter at the top, and its height above the general 
surface is about 19 feet. The station is a little to the south-south-west of the present 
centre of the carn; and the centre stone, which has a well-cut hole, is 6 feet below 
the surface of the top of the carn, and rests on a bed of small stanes. 


Watrore Sr. Prrnn’s, 1843. This station was upon the church tower of Walpole 


St. Peter’s, in the county of Norfolk. The tower is square, strongly built, and has | 
a very high roof, out of which rises a massive vane post covered with lead. This 
Post was taken down, and the theodolite placed exactly in the centre of the tower. 


. Watton Tower 1844, This station is on the centre of Walton church tower, on the east 

coast of Essex, 7 | | 

Waren Crag, 1852. This is a barren mountain in the North Riding of Yorkshire. The | 
Station is a boundary mark between Arkengarth Dale and Swale Dale, and is situated £5 
miles south-east of William Gill Houses, 5 miles west of Arkengarth Dale, and 7 miles 
north-by-east of Muker. There is not an object on the hill from which measurements 
Could be taken, but the station is well known to the inhabitants for miles around. 


The site of the station is marked by a pile of stone 14 fect high, and 36 fect m 
circumference at base. | 


Week Down, 1846. The trigonometrical station on Week Down, on the south side of the 
Isle of Wight, is identical with that from which the observations were made with 
‘Airy’s zenith sector. The Down is about threc quarters of a mile north-north-east 
of the village of St. Lawrence, and has several tumuli upon its sumunt. a hree of | 
these tumuli lie nearly north and south of each other; on the central and largest of 
them, called “The T'renchman’s Grave,” is the station: it is marked by a centre 
stone, having a hole bored in it, placed 2 feet below the surface. | 
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Westzury Down, 1850. The station on Westbury Down in Wiltshire is about 2 miles 
north-east of Westbury church, and 1 mile south-west of Bratton church, and about 
200 yards south of Bratton Castle. The site is on the side of the road leading from 
Bratton to Warminster over the Down, and near the junction of several small mounds 
which run at right angles, and serve as boundaries to the several farms. A stone, with 
a hole 4 inches deep, and 1-75 in diameter, is placed 1-6 feet below the surface; and: 
a pile 9 feet high, with a pole 21-7 feet long, was erected above the stone. 


Wiirenorse Hit, 1844, is in the county of Berkshire, on a range of hills running east and 
west between Wantage and Lambourn. 

The station is on the outer edge of a bank, apparently that. of a fortified encamp- 
ment on the east-south-east extremity of the hill; it is 12 feet from the edge of the 
bank, and 20 feet west of the path leading from Farringdon to Lambourne. The 
stone placed to mark the centre of the station is nearly level with the surface, and has 
a hole jumped in its centre, and the year 1799 inscribed upon it. 


Wuirtie Hiiz, 1841, or as it is better locally known, Whittle Pike or Skelp Moor, is in 
Lancashire, 2 miles east of the village of Edenfield, 6 miles from Bury, 7 miles from 
Rochdale, and about half a mile from Knoll Moor, which is higher than Whittle Hill, 
and bounds about go° of the view to the north-east. ~The station was on the highest 
point of the hill, and is marked by a pile chiefly built of turf. The wooden frame 
on which the instrument stood, was left in the pile, together with a centre stone, 
having a hole in it, and marked with a broad arrow, and the date of the year “ 1841.” 


Winareen, 1844. Two series of observations have been taken from the top of Wingreen 
Ell, situated about 2 miles south-east of the village of Charlton, in Dorsetshire, and 
about 5 miles south-east of the town of Shaftesbury. The observations taken in 1794 
were from a point now distinguished as Wingreen Old Station, and those of 1844 from 
a spot called Wingreen New Station. The stations are about 17-5 feet apart, the 

_ hew station being about 50 yards in a south-easterly and perpendicular direction from 
the road which passes over the hill, and 185-9 feet south-south-west of an old tree 
in a small circular plantation of stunted birch trees. The old station is 203-3 fect 
also south-south-west from the old tree. Both sites are marked by centre stones 
with holes in them, in each of which was placed a halfpenny of the reign of 


George III. The stone marking the new station is sunk 3 feet below the surface, 
that at the old station 10 inches. 


Wisp, 1809, 1816. ‘This station is on the top of Wisp Hill, 2 miles south-west of Mosspaul 
Inn, between the counties of Roxburgh and Dumfries. 
a turf pile. 


The centre is covered with 


Wonrpestow, 1846. ‘The station is about a mile and a quarter north-east of Houghton-le- 
Spring, in the county of Durham ; it is 94 fect from the highest point of the hill, in 
line with the middle range of houses in the village of Houghton-le-Spring. 
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Wrotnam, 1844. This station is in the southern corner of a field called “ The Plains” 
upon Wrotham Hill, in the county of Kent. 


Yet, 1821, This station is in the Island of Yell, one of the Shetland Isles; it is on the 


top of Comb Hill, or the « Long Cairn” as it is termed by the inhabitants, to the 
north of two piles on the same hill, and nearly on the same level. One of the 
Piles is of turf, and the other of stone ; from the former it is about, a quarter of a mile, 
and from the latter half a mile. A stone sunk into the ground, and. having a hole 
bored in it to the depth of 3 inches, marks the centre. A pole 20 feet long and. 
6 inches in diameter, supported by a pile of stone and turf, was erected over the site. 
Yorx 


Minster, 1846. This station is on the centre of the great tower whence it is 
named, 
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DESCRIPTION OF INSTRUMENTS. 


Tne perfection of the results of geodctical. operations, and the degree of importance to 
be attached to them, must be proportioned to the excellence of the individual observations, 
or to the mean error of an observation, which depends not only on the skill and carefulness 
of the observer, but on the perfection of his instruments. It.is therefore desirable in a 
collection of such results to have descriptions of the instruments with which the observations 
were made; but, inasmuch as minute descriptions of all the chief instruments that have been 
used on the Ordnance Survey have been already published in the previous volumes of the 
Survey, it will not be necessary here to give more than a general description of each, 


Description of Theodolites. 


(1.) The Principal Triangulation for the Ordnance Survey of Great Britain and 
Ireland has been effected with four large theodolites, namely, two of 3 fect in diameter, 
one of 2 feet in diameter, and a fourth of 18 inches diameter. Besides these, however, 
subsidiary use has been made in a few cases, and for short distances only, of smaller 
instruments, having diameters of 12, 9, and 7 inches. ‘The two first-mentioned instruments, 
measuring 3 feet in diameter, were constructed by the celebrated Ramsden, at the close of 
the last century. One belongs to the Honourable Board of Ordnance, the other is ‘the 
property of the Royal Society. The only difference between these instruments is, that 
the horizontal circle of the former is divided to ten minutes, and read by three micro- 
scopes; while in the latter the circle is divided to quarter degrees, or parts of fifteen 
minutes, and is ‘read by five microscopes : the respective advantage in each case being coun- 
terbalanced by the corresponding comparative disadvantage. Tach instrument has an extra 
microscope not generally used, being one of the original pair at 180° from one another. 
They have, therefore, respectively four and six microscopes. The following general 
description, written with reference to the Ordnance theodolite, of which an engraving will 


be found in Plate 1, is applicable, with the exceptions just mentioned, to the other 
instrument. 


(2.) The Great Theodolite——The instrument consists of three distinet principal parts, 
not including its stand, which is a strong circular four-legged mahogany table, firmly 
braced. 7 

The lower pait consists of, and connects rigidly, the feet of the instrument, the 
vertical axis, and the microscopes for reading the horizontal circle. 
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bisecting the angle of 120° made by one Poon a oe es “the other two having 
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Much admired. Probably no other could = stoo 


A4 PRINCIPAL TRIANGULATION. 


these instruments have been subjected, not only from constant use, but from travelling, 
necessarily in the roughest manner, and exposure to weather on the summits of the-wildest 
mountains. 

A horizontal flat bar 2 feet long, and projecting 1 foot on each side of the centre of 
the instrument, extends across the top of the outer axis. On its extremities are raised the 
Y’s for the support of the pivots of the telescope. It is supported and made perfectly rigid 
by two ladder-formed braces springing from the lower part of the outer axis. The Y’s 
are of such a height as to permit a circle of 6 inches radius attached to the axis of the 
transit to pass freely, and consequently the telescope to be directed to the stars at high 
elevation, not including of course the zenith. 

The focal length of the telescope is 36 inches, aperture 2-5 inches, and the generally 
used magnifying power 54. In the focus of the cye-piece are the cross wires, with the 
usual apparatus for adjustment in collimation. Two of the wires intersect in an acute 
vertical angle; the third is horizontal. By means of a small screw, this horizontal 
wire has a vertical motion, and is intended for measuring small vertical angles, the 
amount being indicated by the revolutions and parts of revolutions of the screw. In 
astronomical observations the wires are illuminated as in ordinary transit instruments, and a 
reflecting eye-piece used. Concentric with the hollow axis of the telescope, are two vertical 
circles, similarly placed on each side of the tclescope, their planes about 2 inches and a 
half apart. The diameter of cach divided circle is 10-5 inches. They are read by two long 
horizontal micrometer microscopes passing through the short vertical arms carrying the Y’s, 
each division of the micrometer head being equal to 3 seconds. 

The perfect adjustment of the micrometers as to distinct vision and ‘runs is very 
tedious, and can only be effected after much practice. The runs of the micrometer are 
easily altered, particularly by travelling. In this adjustment, however, as is also the case 
with others, if the precise amount of error is known, it is all that is necessary; for if 10-+22 
revolutions of the micrometer go to 10 minutes, or the space between two dots, then x 
being known by, observation, the values of a revolution and division become known. 

The instrument has two long levels; one of them, 21 inches long, hangs by brackets 
at the extremities of the horizontal arm, when required in that position, and is also 
used for levelling the telescope. The other is the striding level, 24 inches long, for 
levelling the pivots of the telescope in astronomical observations: one division of this level 
is assumed as equal to one second, which is true only for moderate temperatures. 

The whole body of the instrument admits of a small horizontal motion in any 
direction on its table, which is perforated in the centre. This motion, which is commu- 
nicated by horizontal screws acting on the raised edge of the mahogany table or stand, is 
used only for the final adjustment of the centre of the instrument vertically over the centre- 
mark of the station. 

The weight of the whole iistrument is about 200 lbs. ; it is carried, when tr avelling, in 
a four-wheeled spring-van. 
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and both vertical circles are divided by lines, on silver inlaid into brass, to every 5 minutes ; 
the former is read -by the vertical microscopes attached to the radii proceeding from the 
drum, and the latter by horizontal microscopes passing through the pillars supporting the 
telescope. As in the Royal Society’s theodolite, five of the microscopes are equidistant, 
or 72° apart, while the sixth bisects one of these spaces. 

It will be seen that this instrument differs entirely from Ramsden’s, in this respect, 
that the microscopes for reading the horizontal circle move round with the telescope, while 
the circle itself remains clamped; in Ramsden’s theodolites, on the contrary, the horizontal 
circle moves round with the telescope, while the microscopes are fixed to the lower part of 
the instrument. <A full description of the instrument will be found in the “ Account of . 
the Measurement of the Lough loyle Base,” pp. 108 and 109. 


(5.) The stores generally accompanying an observing party are as follows :— 


1 Waggon for Instrument. 15 Brass rings for heliostats. 
1 Observatory. 7 Pocket telescopes. 
2 Wooden houses. 1 Chronometer. 

11 Five-inch theodolites. 1 Mountain barometer. 

13 Large heliostats. 11 Pocket compasses. 

11 Portable heliostats. to Measuring tapes. 


&e. &e. &e. 


with all the necessaries for camp life, and full supplies of stationery, carpenters’ tools, mathe- 
matical instruments, and any books that may be of use to the observer. 
The strength of the party varies from 6 to Io men. 


(6.) The portable observatories used for the theodolites are hexagonal in plan, with a 
pyramidal skeleton roof, canvas covered. The wooden sides or panels are 5 feet high | 
(4 fect for the 18-inch theodolite), a space of 2 fect, canvas covered, being left between 
their upper edge and the horizontal rafters of the roof, for the unobstructed use of the 
telescope.. The six iron rods supporting the roof and resting on the tops of the six uprights 
at the corners of the hexagon, are so formed, bemg double, that by revolving round a 
vertical axis, any one of them can be twisted out of the line of sight of the telescope, should 
it be necessary. Framed wooden huts, having canvas covers to their tops, have now been 
many years in gencral use for the partics employed on the Ordnance Survey with the large 
theodolites and with the zenith sector. The experiment was first tried in 1840, on the 
recommendation of Major Robinson, R.E., who was then in charge of the Ordnance 3-foot 
theodolite, in the north of Scotland, and tliey have been found to be not only much more 
comfortable for the officers and men employed on this arduous and, at times, disagreeable 
duty, but also more economical than marquees and tents. They vary in size from 8 fect 


square to 9 feet by 12, and being constructed in parts they are easily packed or carried by 
pieces to the tops of mountains. 


(7.) Hecliostats are used for reflecting the suit’s rays to distant stations, The smallest 
size is 5 inclics in diameter, being merely a plane mirror set in brass, with a stand or handle 
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terminated in a spike for sticking in the ground. The next size is 12 inches in diameter. 


The larger heliostats are rectangular ; the largest. measures 20 inches by 16. The surface 
of the mitror, in each case, can be moved with ease to follow the sun. ‘The exact position 
of its surface is‘determined by throwing its light through a ring placed in the line between 
the heliostat, or the reflecting station, and the station reflected to. The ring, which lies in 
0 vertical plane perpendicular to the line joining the two stations, and at a convenient 
distance from the heliostat, is placed in its true position by means of a small theodolite. 


Method of placing the Instrument in Position. 


(8.) In Placing the theodolite over a station to be observed from, the first point to be 
attended to, and which has always been considered of the greatest importance, 1s that it 
- Shall rest upon a perfectly solid foundation. The method of obtaining this desideratum 

must In cach case depend entirely on the nature of the ground. While at some stations 
the instrument. has rested almost upon the solid rock; at others some difficulty has been 
experienced in getting a steady foundation, as for instance at the station on Holme Moss, 
Where it was found that the bog extended to a depth of g fect, and below it was a layer of 
sand 6 fect thick, all of which had to be removed to a total depth of 15 feet before a solid 
foundation could be obtained, from which to build a strong scaffolding up to the ordinary 
surface of the ground. Even on the tops of mountains some trouble has occasionally been 
found in obtaining a firm foundation for the instrument to rest upon. In one or two mstances 
the instrument has been sunk in the ground, so that the telescope only grazed the top of 
the hill; the excavation also served as a protection against storms. ‘This method would of 
course be very objectionable if the surface of the hill were flat and of considerable extent. 
. The following description from the observation-book of the station on Ben Hutig, 
a Sutherlandshire, Will serve to give a general idea of the method of preparing the station 
When the foundation js rocky :—TFour holes were jumped in the rock, about 6 ches deep and 
5 inches by 3 in length and breadth, at equal distances of 1-75 fect from the centre mark 
of the station, to receive four pieces of wood scantling, upon the heads of which the feet of 
the table for the instrument were to be screwed. These holes were run with lead, the tops 
of the Scantling cut off and levelled accurately, and further secured against shaking by four 
horizontal braces nailed near the tops, and also two diagonal ones. Their tops were cut on 
at the level of the highest piece of the rock on which a corner of the observatory rested, 
and were thus also on a level with the lower edges of the six panels forming the sides of 
the observatory. The panels were supported by piling up stones so as to form a level all 
round with that of the top of the rock. A space of about 4 fect square was left a oe 
centre of the flooring, by which the instrument and its stand were insulated, and not liable 
to be shaken by any motion above or around it. The flooring was laid upon joists, 6 inches 
above the level of the top of the posts. A batten of wood was nailed upon the ppm 
of the flooring round the centre space, to keep the fect of the observer from touching the 
legs of the table of the theodolite, | 
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When the station is on ground of a soft and boggy nature, a hole of a sufficient 
diameter is sunk until a bed of gravelly earth is reached, which is levelled and firmly 
rammed. <A strongly braced framework of wood of sufficient height, is then placed in the 
excavation, which is afterwards filled up with stones. Thus the instrument being also 
isolated from the flooring of the observatory, is rendered as nearly as possible perfectly free 
from any source of unsteadiness. In order also that the centre of the station may not be 
lost, four pickets are driven into the ground previous to the commencement of the excava- 
tion, in such positions that the intersection of diagonal lines joining them shall coincide 
exactly with the centre-mark of the station. 

In exposed situations on the tops of mountains a wall of stone is generally built close 
yound the lower part of the observatory, a precaution which at the station on Fashven 
saved thie great instrument from certain destruction, as on the 11th of October 1838 a 
storm levelled all the marquees and tents, and moved the observatory from its true position, 
although thus protected by a wall 2 feet thick. 

In some cases it has been necessary to raise the mstrument above the surface, in order 
to obtain observations of distant points, not visible from the ground. The high stage used 
for the great instruments is 32 feet high, but has been only used in cases of absolute 
necessity. At the south end of the Base-line on Salisbury Plain this stage only barely sufficed 
to make the two extremities of the line mutually visible. Many instances of high scaffolding 
occurred in the triangulation of the Eastern Counties, where, the country being flat, the 
stations were over church-towers. One of the most remarkable was the station on Thaxted 
Church. The tower of this edifice is 79 feet high, and is surmounted by a spire of 93 
feet, making a total height of 172 fect from the ground to the top of the spire. The 
scaffold for the observatory was carried from the base to the top of the spire ; the scaffold 
for the supporting the instrument, which was interior to the other, was raised from a point 
of the spire 139 fect above the ground, having its bearmg upon timbers passing through 
the spire at that height. Thus the instrument, at the height of 178 feet above ground, 
was insulated, and not affected by the movements of the observer, or the action of the wind 
upon the observatory. This was the 18-inch theodolite. The station, as will be scen on 
reference to the diagram, was indispensable to the connexion of the triangulation. 

In placing the framework for receiving the fect of the instrument, every care has always 
been taken to have it as nearly concentric with the station as possible: the legs of the 
table of the instrument are then screwed to the framework. The circular mahogany tray 
upon which the instrument immediately rests, is then placed on the table, and accurately 
brought over the centre mark by means of a plumb line suspended from the orifice in its 
centre, and the motion communicated by horizontal screws acting on the edge of the table, 
as before explained. | 


(g.) The Referring Olject.— The next step after the placing of the instrument in position 
is to select a spot for the referring-object ; an object which from its position should be 
visible under all circumstances, and to which all other objects are to be referred as to their 
bearings. 
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The refer ing-object, or, as it is usually written in abbreviation, the R.O., generally used 
on mountain stations, consists of two similar and equal rectangular plates of metal, A A, 
in the same vertical plane, and with parallel edges, sliding upon horizontal 
cross-pieces B B. This being placed against the sky, a fine vertical line of 
| light of any required breadth is obtained. When the opening cannot be 
backed by the sky, the same effect is easily produced by a plane mirror 
placed behind the opening, and inclined at an angle of 45°. The angular 
breadth of the opening generally adopted, and found most convenient for 
__| perfect bisection, is about 10”. 
In the placing of the referring-object, two points have to be attended to; namely, that 
must be as nearly ag possible on the same level as the observer, and that it must not be 
either too close or too distant. If too close, it will not be visible to perfection without 
altering the focus of the telescope, which is to be avoided; and if too far off, it may be 
hidden, when required, by mist. The ordinary distance is between one and two miles; but 
upon the top of 2 mountain it is obvious that a selection cannot always be made, and the 
best position that. offers must be taken. In some cases the distance has been as small as 
half a mile, and the effect of the proximity of the referring-object then tells with disadvan- 
tage upon the observations of the elongations of circumpolar stars for absolute azimuth. 
In these observations a lamp is placed behind the referring-object. 





Method of Observing with the Theodolite. 


(10.) All the adjustments of the theodolite are more or less liable to be deranged by 
travelling, and consequently the first operation at a station is to correct any deficiencies 
of this nature. In general, however, the mode of observing is calculated to eliminate as 
much as possible the effects of slight errors of adjustment. : 

The general adjustment consists in this: that the line of collimation of the telescope 
should be perpendicular to its axis of rotation, this axis perpendicular to the revolving AXIS 
of the instrument, and the latter perpendicular to the plane of the horizon. ‘The runs of 
the micrometers should also agree with the divisions on the limb. 

The observations then proceed as follows: the instrument being perfectly levelled, 
and the lower part or body firmly clamped to the table, the observer directs his telescope 
Upon the referring-object, and having carefully clamped the upper limb, brings the aa 
section of the crosshairs, by the motion of the tangent screw, to bisect the vertical line of 
light in the referring-object. He then reads the degrees, minutes, and seconds’ given by 
the divided circle and each of the micrometer microscopes. ‘The upper limb is then 
unclamped, and the telescope directed on the next point to be observed, which is bisected, 
and the readings recorded. Similarly, all the other points to be observed, and then finally | 
the referring-object is bisected and read again. The agreement of this last reading with 
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that at the commencement of the series is some test of the care of the observer and the 
steadiness of the instrument. Each such series 1s called an “arc,” and they are numbered 
consecutively from the commencement to the close of the station. 


The first arc being completed, the telescope is reversed in its Y’s, the horizontal circle 
turned through 180°, and the levels adjusted, if necessary : the second are is then proceeded 
with, precisely in the same manner as the first, closing as well as commencing with the 
referring-object. 

The second are being completed, the lower limb of the instrument is moved through a 
small angle, 20° or 30°, and clamped, so as to get readings on another part of the circle ; 
and in this position the third are is taken. 

The third are being completed, the telescope and horizontal circle are reversed as in 
the second arc; and so on. | 

It has generally been the custom to read both horizontal and vertical circles for each 
bisection of a point, but the vertical angles have not, perhaps, been measured with such 
care as the horizontal ; and the readings of the vertical circles for the true level position of 
the telescope have not generally been observed at the close of cach arc, although its. 
variation during the time of observation of a complete arc is liable to be larger than the 
change in the readings of the referring-object. 

All observations, when received in the office, are considered of equal weight, unless a_ 
remark of the observer against any observation condemns it as to be rejected. .Observations 
under favourable circumstances are doubtless more valuable than observations under less 
favourable circumstances ; but how to assign their relative numcrical valuc is a question that 
admits of no general solution. Observations are seldom taken under decidedly unfavourable 
circumstances, if it can be avoided. “ It appears that the longer time one is compelled to 
bestow, and does bestow, upon observations, under less favourable circumstances, in a great 
measure compensates external disadvantages, and that causes of errors of obseryation of 
which the observer himself has not been conscious often influence him no less than those 
which obtrude themselves upon him.”—( Bessel: Gradmessung in Ostpreussen.) It has indeed 
been often noticed, that an observation to which the observer has attached a remark to the 
effect that the bisection was unsatisfactory, or that the light was bad, or any other expression of 
doubt, has been found to agree with singular precision with the general mean or probable 
truth. | 

The mode of observing described above does not strictly apply to the observations 
from the commencement of the survey until the year 1830, for the referring-object was first 
instituted in 1840 by Lieutenant-Colonel (then Captain) Yolland, both for the sake of con- 
venienceandof accuracy. Otherwise the method followed was much the same as that described 
above. The method of ‘ ares” has been always followed; though in the earlier operations 
an arc contained a smaller number of points. It has never been the practice to observe 
single and independent angles, as in the Indian and other geodetical operations. 


, i 
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(11.) As the 


readings of the microscopes at cach observation are read — rs 
observer, they are recorded by the booker—invariably in ink—in the observation book. 
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evening, and being carefully compared by the observer with the original, is transmitted to the 
head quarter office every two or tbree days, or in very remote stations as opportunitics offer. 

In the later operations of the principal triangulation the observer has generally been 
furnished with a list of bearings of the principal points or heliostats that he-is expected tu 
observe, in order that no time or opportunities may be lost. When there is doubt as to 
whether any of these principal points may not be too low or too distant to be observed, the 
approximate depression is also given to the observer, so that on a fine day he may be able, 
by the observed depression of the furthest ground visible in the direction of the given point, 
to ascertain whether it is entirely cut off by this intervening ground, or whether it may not 
under peculiar atmospheric circumstances be visible. 


(12.) A watch is always kept in the camp for distant heliostats. The first man that 
calls out “ heliostat,” when one of these star-like points shows itself, receives a shilling for his 
vigilance. In order also to incite watchfulness in the man directing the heliostat to the 
observing station, and that he might miss no gleam of sunshine, a pecuniary reward was 
proposed in 1840 by Captain Robinson, R.E., and sanctioned by Major General Colby, 
Superintendent of the Survey. The amount varied with the distance, being 6 pence for 
each time the heliostat was observed for a distance less than 10 miles, one shilling for a 
distance between 10 and 20 miles, and so on; whilst for a distance between go and 100 
miles the allowance was 15 shillings, and for a distance over 100 miles, a guinea. But, 
subsequently to the establishment of this rule, the size of the heliostats used for long 
distances was increased, whereby the chances of observation were also increased; the 
allowance was therefore reduced, and for long distances half allowance was given for the 
second arc, a-third allowance for the third arc, and a shilling each for every subsequent 
observation on the same day. The propriety of this allowance will be readily admitted 
when it is remembered that as long a period as a month has very. frequently occurred 


between consecutive observations of very distant points. The value of an observation under 
such circumstances becomes very great. 


(13.) Observations for Absolute Azimuth.—The determination of the direction of the 
meridian at various points in the triangulation has in all cases been effected by observations 
of the elongations of the following circumpolar &tars :— 

a Urs Minoris. 
0 Ursce Minoris. 
€ Urs Minoris. 
A Ursx Minoris. 
51 Cephei. 

In the earlier observations the polar star alone was used. ‘The time of the elongation 
was calculated, and the instrument carefully levelled for the observation. When the time 
arrived, the angle between the star and the referring lamp was taken; the telescope was. 
then immediately taken out of its Y’s, the horizontal circle turned through 180°, and the 
telescope replaced in a reversed position as regards its pivots and the collimation: the angle 
was then re-observed. 
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In subsequent observations, however, the exact error and rate of the chronometer have 
generally been unknown, as special observations for time were seldom made. The approximate 
time was then all that the observer had to assist him, and therefore the observation of the 
star was commenced about a quarter of an hour before the clongation, and continued until 
about ten minutes past the elongation, as judged by the motion in azimuth of the star. ‘The 
Instrument was kept carefully levelled, and the telescope: and horizontal circle reversed at 
the aipparent moment of elongation. The reading of the referring lamp was observed both 
before and after the elongation, in reversed positions of the telescope. 

In the year 1844, at the suggestion of the Astronomer Royal, who had visited one of the 

observing parties, and made himself acquainted with the mode of observation, the instru- 
ments were fitted with striding or pivot levels, and the reversal of the horizontal circle at 
the elongation discontinued, as well as any attempts to eliminate mechanically the collima- 
tion error; the observed level error and the observed collimation error were thereafter 
recorded, and the observations corrected accordingly. The method of observation since 
then is as follows: the instrument being Jevelled, the referring lamp is first bisected; the 
telescope is then reversed in its Y’s, and the lamp again bisected ; the telescope is then 
directed to the star, which is observed every three or four minutes, and the readings of the 
circle and of the chronometer recorded at each bisection. When the star is stationary the 
telescope is reversed, and the observations of the star continued until about ten minutes 
past the elongation; the referrmge lamp 1s then again observed in two positions of the 
telescope. The error of collimation is inferred from the readings of the lamp. The striding 
level is also read and recorded six times previous to the elongation, in reversed positions, to 
eliminate the error of the level, and as many times immediately after the elongation. 
It is necessary, even when the readings of a pivot level are recorded, to have the 
“nent as nearly level as possible, for the valuc in seconds of a division of the level is 
® very variable quantity, varying very sensibly with the temperature, which alters the 
“urvature of the glass tube of the level. In some levels an increase of temperature In- 
“reases the value of a division ; in others it diminishes it. By experiments upon the level 
of the 3-feet theodolite, it was ascertained, that though at the ordinary temperature of 66 
the value of a division was very nearly one second, yet at the temperature of 32° the value 
Was increased to 5 seconds. It is therefore necessary that very little should depend upee 
the readings of the level, or that the instrument should be as nearly as possible level 
during the observations. This, unfortunately, has not always been attended to by the 
observers, and is doubtless the cause of many discrepancies otherwise unaccountable in the 
results of azimuthal observations. 

In the observations taken at Ben More, South Uist, in 1851, the reversal of the telescope 
during the observations of the star was discontinued, as also in the few observations that have 
been made at other stations since that date. The weight of the telescope, and the danger of 
Communicating a move to the circle during the reversal, make that practice cme 
This species of observation is very difficult and delicate, and. discrepancies In : 
results, unavoidable even with the best observers, have been observed in all countrics, 


Instr 
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They necessarily increase with the latitude, and are probably due to some lurking level 
error and instrumental defects. | 

The terrestrial object observed in connexion with the star is gencrally a lamp placed 
behind the opening in the referring object before described, and detriment to the observa- 


tions has doubtless often occurred by the necessity of having it too near the observer on 
the tops of mountains. | 


(14.) Probable error of an Observation.—The probable error of an observation is 
dependent upon the circumstances of the observation as much as on the excellence of the 
instrument or the eye of the observer, and still more on the nature of the object to be 
observed, or, as it is technically termed, bisected. 

With a view to test the power of the telescope, and to determine what accuracy of 
observation might be expected on a fine object at a short distance, the following experiment 
was made :—A wooden framework was set up at a distance of about two miles and a quarter 
from the Ordnance theodolite when at Ben More, South Uist. It was so arranged that being 
placed against the sky, a fine vertical line of light, of which the breadth was regulated by 
the sliding of a board, was shown to the observer. The breadth of this opening was varied 
by half inches, from half an inch to six inches, during the observations, which are recorded 
as follows :— 


Ben More, Sourn UIst. 
Ordnance 3-ft. Theodolite . .  . 4th August 1855. 
Observations made to an opening in a frame with a sliding board, fixed near the pile on Heela. 





Readings of Microscopes. 






Opening. A- B C 


Sige | TA CE | EE EE | cee | CS | LS CRS | eee | 






6:0 Left : 2965 29-0 27.0 
Right - 36°5 39-0 37-0 
5°5 Left . 28-0 30:0 2795 
Right + | 36-5 38-5 36-0 












3 5:0 Left ; 29-0 31-0 27-5 
Richt , 365 39:0 36-0 

4 45 Left | 30-0 31+5 29-0 
Right -{ 36-5 38-5 35:0 

5 4:0 Left +] 305 32-0 29-0 
Right -| 37-0 38-5 36-0 

6 35 | heft =| 315 | 32:5 | 29-5 
Right - | 37-0 | 385 | 355 

7 ZO | Left + | 33:0 | *34:5 | 305 
| Right +] 37-0 38-0 35°5 

8 2°5 Left : 340 35:0 31-5 
Right «| 37-5 38:0 -| 35+5 

9 20 Lett +} 345 35:0 32:0 
Right -° | 37-0 39:0 35:0 

10 15 Left -] 36-0 37°5 33:0 






Right + | 37-5 | 39:0 | 35:0 
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The light of an inch opening and of half an inch opening are visible, but not sufficiently defined for 
observation. 


€¢ 
The centres of the spaces are bisected in the following observations :— 


Readings of Microscopes, 
Width. 


tr 
S 
3 
4 
N) 
6 
an 
8 
9 
fe) 
I 


Qe a eS ee 
OA OU OUNO 


on | 





cory * tested 
} ty - ; e e 
sete ¢ observations were made under very favourable circumstances; the object was well defined, and 
*€ air clear of motion,” 


5 W. JENKINS, Corp., R.8.3f. 


If from the first set of these observations we would determine the most. probable angular 


vi 
alue of an opening of one inch, we should. have the following equations, where - is the 
angular value required, 


6z—9g950=0 3-52 — 5:84 =0 

55 2—-8-50=0 3x2— 4:17 =0 
52—8-00o=0 Qh L— 3°33 =0 
4°52 —6-50=0 22— 317 =0 
42—666=0 152 —1-66=0 


Multiplying each equation by its co-efficient of x, and adding, there results 
161-25 © — 249°74 = O 
fe ee 
Now the individual values of x as derived from the observations are 


(1) oat tae we 1-58 (6) oe 8 8 167 
(2) OAS. OF 1-56 (7) + ° > + 139 
(3) - + + + 1-60 (SB): 's. ge es BG 
(4) ree 277 (9) ee «© 8 1°58 


A ; (Ss) + + 6 0 166 (lo) + eos UNE 
nd the true value of as determined from the distance of the observed object, namely, 
12462 feet, js 


xa 1/Qk 
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It appears, then, that the opening as deduced by observation is, as might be expected, 
rather greater than its real value; the difference, however, is extremely small. 

When compared with the true angular value of the aperture in each case, the observa- 
tions show the following errors :-— | 


(1) n° Rh eS Tee (6) 2 8 8 6) TOOL 
(ay & a © a -pOrgt (7) + © 6 6 403 
(3) Co. #3 -+1-IO (8) oe. ae —J2 
(4) 7 8 2 8 + 0:29 (9) o 8 6 +--41 


(5) 2 8 + 1-14 (10) - - —-4I 
giving a mean error of 0” +79, or a probable error of o” 53, for each observation of the angle. 
Now the observed value of the angle depends upon two equally good single observations ; 
therefore the probable error of a single observation is the above probable error divided by 
the square root of 2, or = 0”- 38. 


In the second set of observations if 37+.” be the reading of the right edge of the 
opening, then « will be found to be = + -12, and the resulting corrections to the bisections 
of the spaces will be, 


(T) 2) at SOs (6) - + + + erg 

(2) = of —:07 (7) s Se + +03 

(3) + + + + +08 () 

(4) eos a =—*10 (9) 2 8 8 ++ +34 

(5) So —It (10) ne ee ee + +17 
(11) o « # © 6 —.18 


giving a mean error of 0”.27, or a probable error of 07-18. 


It is therefore clear that a streak of light can be bisected with extreme precision ; the 
probable error of this specics of observation being, as far as can be determined from these 
observations, about half that of the bisection of a dark edge against a strong light. 


Description of the Zenith-Sector. 


(15.) ‘The instrument used for the determination of the latitudes of points fixed in the 
triangulation of Great Britain and Ireland, from the commencement of the survey up to 
the year 1836, was the zenith-sector constructed by Ramsden, described in the second 


volume of the ‘‘ Account of the Trigonometrical Survey,” and destroyed by fire in the 
Tower of London. | 


This instrument consisted of an are of about 15° with a radius of 8 feet, divided into spaces 
of 5’ cach by dots on the heads of gold pins, and having a micrometrical division, by which 
quantities of about a tenth of a second could be judged. The focal length of the telescope 
was about 8 feet, and the diameter of the object-glass 4 inches, showing distinctly stars of 
the 3rd magnitude during daylight in clear weather. The instrument was read off by means 
of a plumb-line ; and the apparatus for placing it truly vertical, for reversing its position, and 
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for briuging the plumb-line over the centre of the instrument, were all very perfect. But, 
notwithstanding the general excellence of the instrument, it was not, from the complexity 
of its construction and the number of its parts, well adapted to constant transport from 
Station to station; the necessary reversal of the instrument on successive nights, and the 
“onsequent delay during bad weather, was also a source of considerable inconvenience. 
In Consequence of these deficiencies, an application was made to the Astronomer 
Royal by Major General Colby for a design for a new zenith-sector, by which the obser- 
Vations of 9 single fine night might give an accurate determination of the latitude. The 
design was furnished; and eventually the construction of the instrument superintended by 
Mr. Airy, 
The first principle in this instrument, now known as Airy’s Zenith-Sector, was the 
arrangement for making successive observations in two positions of the instrument, face 
cast and face west at the same transit. The second principle was the substitution of a 
level or system of levels for the usual plumb-line. The third principle was the casting in 
One piece, ag far ag practicable, of each of the different parts of the instrument, in order to 
avoid the Sreat-number of screws and fastenings with which most instruments are hampered, 
and to secure, if possible, perfect rigidity. 
The lower part of this instrument, which is represented in outline in Plate 1 Is a 
rectangular tray of cast-iron, which is screwed, if required, to the pier or framework on 
Which the instrument may rest, by means of ears projecting from the plane of its base. 
Within this tray is placed a rectangular thin plate of iron, whose breadth is two inches less 
than that of the tray, and length one inch less. This plate has three bosses on its upper 
Surface, one at the centre of one extremity of the rectangle, the other two at the other 
“x Temity. These bosses are cut to receive the footscrews of the instrument ; and imme- 
diately ©orresponding to them on the lower surface are three other bosses, on which the plate 
rests, and by means of which the weight of the instrument is immediately transferred to the 
tray. By means of screws passing horizontally through the sides of the tray, an azimuthal 
motion is communicated to the plate, and by them also it is retained in the required 
Plane of azimuth. 


The instrument is in three parts; the Framework, the Revolving Frame, and the 
Telescope paid: 

The Framework is cast in four pieces; the lower part, an inverted rectangular tray 
levelling footscrews ; two uprights, with broad bearing pieces, very firmly screwed to 
nverted tray ; and a cross bar uniting the tops of these uprights, whose ends are cut as 
‘crews. Through the centre of this bar passes downwards a screw with a conical point, 
Which together with the vertex of a cone rising from the centre’ of the inverted rectan- 
gular tray, determine the axis of revolution, and form the bearings of the Revolving 


With 
the j 


Frame, | ; 
The Revolving Frame is cast of gun-metal, in one piece. It is also in the ones ae 
aes » Strongly ribbed at the back, having four lappets or ears acting as stops in the revolution, 
n th 


: : - es forming 
© centre of the front of this frame is a raised ring of about nine inches diameter, 5 


H 
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the bearing plate of the Telescope Frame. Concentric with this ring at each end of the 
frame are the divided limbs, which have a radius of 20-5 inches, and are divided on silver 
to-every five minutes; the divisions are numbered from o° to 360°, interrupted by the 
portions of the circle which are wanting. There is also at each end a raised clamping-limb, 
roughly divided, to which the clamp for securmg the Telescope Frame at the required 
zenith distance is attached; the graduation furnishing zenith distances on both sides of the 
zenith, and also circle readings corresponding with those of the divisions of the limb, the 
pointer-reading being given by a small index attached to the clamp. On the reverse side 
of the Revolving Frame are mounted three levels, the divisions of which are numbered 
from right to left. 

The Telescope Frame revolves in a vertical plane by a horizontal axis or pivot, of 
3 inches diameter, passing through a corresporiding cylindrical hole in the Revolving Frame. 
Cast in one piece with the Telescope Frame, are, the rmg for holding the object-glass-cell 
of the telescope, the four micrometer microscopes, which are afterwards bored through the 
metal, and the eye-piece. The micrometers are of the usual construction, the wires inter- 
sect in an acute angle, and have a range of about ro minutes on the divided limb. The 
value of a division of the micrometers reading the limb is approximately a quarter of a 
second. 


In the eye-piece of the telescope are five meridional wires carried by a fixed plate, and 
a single wire at right angles to them, moved by a micrometer-screw. The range of the 
screw admits of the wire being carried completely across the field of view: one division of 
the telescope micrometer is equal to 0’-43096. The tube of the telescope is merely a 
protection from dust, and carries no essential part of the instrument except a simple 
apparatus for regulating the amount of light illuminating the wires, which, by the turning 
of a screw, increases or diminishes the orifice through which the light enters. 


The focal length of the telescope is 46 inches, the diameter of the object-glass 3-75 
inches, and the magnifying power usually employed, about 7o. 

The cast-iron tray, forming the stand of the instrument, generally rests when in use on 
strong pickets or piles driven into the ground, or secured to the rock by jumper-holes. In 
some instances a strong rectangular frame of wood has been sunk into the ground; and 
this method of preparing the station is found the most expeditious and convenient, the frame 
being carried about with the observatory and stores. | 

The Revolving Frame is generally reversed in its position with regard to the pivots, 
once at each station, so that the reading of the zenith point as given by the pointer at. the 
lower end of the telescope is for one part of the observations about 12°30’, and for the other 
part about 192°30’. 


Method of observing with the Zenith-Sector. 


(16.) The deviation of the plane of the instrument from the meridian, which is 
generally very small, being carefully iseertnined by observations of the transits of northerly 
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and southerly stars, and the axis being as nearly as possible vertical, the observer sets the 
Telescope 0 


rame at the approximate zenith. distance of the star to be observed, and 
clamps it. He then, before the star enters the ficld, reads the four micrometer microscopes, 
and. immediately after them the levels on the reverse side of the Revolving Frame. He is 
then teady to observe the star, which is done by bringing the micrometer wire im the 
“ye-plece of the telescope to bisect the star on one of the wires, the name of the wire 
“Mg recorded with the reading: of the telescope micrometer. This completes a single 
observation. The Telescope Frame is then immediately unclamped, and the Revolving 
‘Tame reversed. by turning it through 180° on its vertical axis, so that the face which 
clore Was east is now west. The Telescope Frame is quickly sct to the approximate 
Zenith distance, and clamped, and the star again bisected by the telescope micrometer on 
one of the wires ; generally the same one on which it was previously observed. ‘The five 


m1 * : ‘6 e - 
Crometers are then read, and the levels on the reverse side. This completes the double 
observation. 


The method of reduction is then, for each position of the instrument, to add. together, 
the pointer reading, the mean of the readings of the microscopes, the correction for their 
runs, the reading of the telescope micrometer, and the mean indication of the three levels, 

‘sides the correction for azimuthal deviation, and for the wire on which the star 1s 
observed, This sum is called the corrected instrumental reading. The mean of the 
corrected instrumental readings for the same star observed face cast and face west is the 
qantity Corresponding to an observation of the zenith, and is called the zenith point. ‘The 
Zenith points must, when the instrument is carefully used, agree with great exactness, and 
therefore a comparison of thei values affords a test of the accuracy of the observations. 


si The amount of the azimuthal deviation is ascertained by comparing the differences i“ 
gee served transits of northerly and southerly stars with the truc differences of their 
Meridian transits, or differences of right ascension. If A be the excess of the difference of 
"ight ascension of two stars over the observed difference of time of their transits, > 4* their 


ies Polar distances, and a the latitude of the instrument, then «, the azimuthal devia- 
10n, Is, 


A sind sin 0” 
7 ~ cosa sin (06 — 0’) 
1¢ Correction to the zenith distance 2, on account of this deviation, 1s,— 


sin 2a sim 2 COS A 
ciara ieee 


sin 9 sin 2” 
where 6 is the north polar distance of the star. : 


Che correction for the equatorial interval ¢ from the meridian, of the wire on which 
the star is observed, is, 


a 





mM seconds, 


rhe : 
+ —._cotd sin 1” 
le 


the upper sign applying to south stars, the lower sign to north stars. 


H 2 


60 : PRINCIPAL TRIANGULATION. 


TABLE SHOWING THE STATIONS VISITED Wit Arny’s ZENITH-SECTOR. 





Number 























Year. Stations. Officer or N. C. O, in charge of the pr . which ie of single Ob- 
Instrument. Party. |Observations| servations. 
were made, 

| 1842-31 Blackdown. , - | Lieuts. Hornby and Gosset, RE. 7 20 1087 
1843 | Precelly ; . | Lieuts. Hornby and Luykin, J RL. 5 17 674 
11843 | Forth Mountain.  .| Lieut. Hornby, RE... 7 12 659 
} 1843 | Hungry Hill 55 . ; 7 9 295 
1843 | Feaghmaan ‘ s 4 9 395 
| 1843 ‘Taunaghmore . 53 2 7 204. 
1843 | S. end ‘of L. naye Base ” i" 2 6 335 
1844 | Monach . Lieut. Gosset, R.E. 5 10 180 
1844 | Ben Hulig. : 6 10 480 
11845 | Hensbarrow : . | Corp. Steel, R.S.M. 4. 6 2.90 
} 1842 | South Berule . . | Licuts. Hornby and Gosset, R.E. 6 2 113 
| 1845 | South Berule  . . | Corp. Steel, R.S.M. ; 3 2, 11g 
1845 | Ben Lomond . . | Corp. Steel, R.S.M. 4 Il 635 
11845 | Ben Heynish ©. . ‘5 33 4 10 267 
1846 | Week Down 93 rs 4 11 556 
-1846 | Dunnose ; Ep 4 13 643 
1846 | Boniface Down . ss Z 4 7 356 
1846 | Port Valley FA - 4 IO AII 
1846-7] Saxavord . _ 4 20 566 
1847 | Gerth of Scaw is 3 4 a1 581 

} 1847 | Balta. . 5 4 20 732 
| 1847 | Cowhythe . : . 4 18 6.4.1 
} 1847-8) Southampton .  .| Serg. Steel & Corp. J enkins, R. a M. 2, 180 8730 
1850 | St. Agnes. . . | Sere. Steel, R.S.M. : 4 11 418 

| 1850 | Goonhilly Down. ? ss _- 4 9 a; 
1850 | North Rona... : Me 4 5 28 

| 1850 | Great Stirling . . 7 4 9 439 


Three of the stations whose latitudes were determined with Ramsden’s Zenith-Sector 
have been re-determined with Airy’s Zenith-Sector. The comparisons are as follows : 





Stations, | Airy. Ramsden.' Dif. 


° ? ww fe) H] it it 
Dunnose ‘ : 50 37 6-98 50 39 7°09 O-I!I 
Balta . : -| 60 45 1-68 | 60 45 2-31 0-63 
a Cowhythe ‘ “ 57 AI 9°58 57 41 9°74. 0-16 





1 The latitudes here given are as published in the volume of the Ordnance Survey entitled “Astronomical 
Observations made with Ramsden’s Zenith-Sector.” In the present volume the resulting uutudes ive slightly 
ultered, according to the method of reduction explained in the note at page 199. 
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. The latitude of Balta, given by Ramsden’s Zenith-Sector, was deduced by amplitudes 
with Dunnose after an interval of 1 5 years, the observations at Dunnose having been made 
oe 1802, those at Balta in 181 7. But the latitude of Balta, deduced from all the observa- 
tions then made, would have been 60° 45’ 1-59, and similarly the latitude of Cowhythe, 
deduced from all the observations made in 1813, would have been 57° 41’ 9-47, both of 
Which are more nearly equal to the results obtained from Airy’s Zenith-Sector. 

There is no appreciable difference in the results given by the instrument in the two 


Positions of the revolving frame. Thus, the latitude of Southampton with the pointer 
reading from o° to 25°, by 


1384 Observations of stars north of the zenith, is 50° 54’ 46-81 


. 1196 ” 93 south 9 . . . ‘ 46-68 
and with the pointer reading from 180° to 205°, 


50° 54’ 467-80 
46""-55 
For a detailed description of this instrument, and the method of observing, together 
With all the observations that have been made with it, the reader is referred to the last 


published volume of the Ordnance Survey, entitled “ Astronomical Observations made 
with Airy’s Zenith-Sector.” 


1044 Observations of stars north of the zenith give 
740 ” = south , 


33 


SECTION fil. 


“REDUCTION OF OBSERVATIONS 


(1.) Until the year 1840 the mean results from the observation books were abstracted 


in the form of “included angles ;” thus, supposing «, B,, a, 8,,----*--: a, 2, to be the 
reading of two objects A B, upon 2 different arcs, then the angle between A and B was 


taken-as, 
P,—a, + B,—a, + ete es + 8, — 4, 
7 


In consequence, however, of the imperfection of this method, and the great labour involved 
in it, it was abandoned by Captain Yolland, and the more perfect solution of the question 
of most probable bearings by the theory of probabilities substituted in its stead. 


(2.) The theory of the reduction of the observed to the most probable mean bearings 
is as follows: Let the bearings of the objects observed, reckoned from the referring-object, 
be ABC. .- - - these being the most probable values to be determined, and let the first are 
give the readings m, m{?) mf?) mS). . . - - m, corresponding to the arbitrary reading of the 
referring-object, of which let +, be the true or most probable value, m,—., being thus the 
error of observation of the referring-object ; then we ought to have thie equations, 


NM, Oh, Se On a DSO e as 
The second and third arcs will give, 

m,-v,=0;m,9 —-2,—~A=0;m,%—42,-B=0-.--.-. 

m,—2,=0;m,9) —#,- A=0;m,%—21,-B=0----- 


and so on. These equations would be identically true were the observations free — 
error. As it is, the left-hand members are the errors of observation, and therefore the sum 
of the squares of these quantitics must be made a minimum in order to give the most 
probable values of ABC ----: > and the arbitrary distances 7, v,.0,:° °° - of the initial 
point of the instrument from the referring-object in the different arcs. 

In order to make the result general, multiply these equations or errors by quantities 
Vp, Vp? Vp - + Ap, Vp Vp. +++: each of these to be equal to unity when there 
is an observation, and to zero when the corresponding observation is wanting. Then'the sum 


of the squares of the errors is, 

p, (m, — 2,)? +p, (m0 —2, — A) +p, (m= 2,—B) pee ee. 
+p, (m,—2,) +p? (mm, — 4,—- A)? +p, (m,O —2,-ByY+-.---- 
+p, (m, — 4%)? +p, (m® — 4, - AP + pO (m,® — 4,=B) pees 

&e: &e. &¢. 
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‘Making the differential co-efficients of this quantity with respect to v,0, 0, °° ABC.--: 
equal to zero, there result the equations, 


PM, +P MO 4.99 mM 4 0. (p, +p? +p 4 .+-)a,+p A+p? Bap? C +>: l 

Pm, +p,°m, +, 2) 2 (p, +p, +p,” a. Le ) u, OA +9,%B +p,C shea sg 

p,m, +p, mm +p,m, “+ 2 ws = (p, +p, +p?) +... ) rtpOA +p,OB +p,C + +> 
&e. &e. &e, 


() : 
ye ast ee +p,m,! 4. ee (p," +p." +p ehetie ) A+p,x, +702, + Ps 
2 2 
a -+- p,m, +9,%m, coe ( py +. p* a p,? A: % -) B+ px, st pa, +p, Byte: (2) 
P, mn, 3) +9, 8,9) +-p,2m,°) +. = (9,0 +p, +p, +... ) C +p, 2, +p,%x, +p,Oa,+ a 
&e. &e. &c. 


The values of 2, 2, 2, + + + being obtained from the equations (), and thus eliminated 
rom (3), there results a final system of equations for. obtaining A BC-.- - 

Tn these equations 2,2, 2, + - + differ from m,m,m, - - - by the errors of observation. 
Instead therefore of v,, make 2,,—m, the unknown quantity, calling it still 2, which symbol 
NOW represents the correction to the observation of the referring-object on the »™ arc, and 
'S a small quantity. Substitute in the above equations, and instead of m—m, write m, 
Which now does not mean the reading of the 7 object on the g arc, as recorded in the 
observation book, but that reading minus the reading of the referring-object on that are. 


The equations then become, 


Bem, + p,m, 4 (pep Ope + - +) a, +p. Atp.? Bep C+ +> 
1) 2) TD : 
in +PPmO4 + = (pape ++) etp.© A+p BepO C+ +> ((#) 
dD, Mm, 1) +p, m,@ 4 oe eo (Pp, p,;” +p, + ea ) +p, A+p,” B+p,” C +-°°*° 

Cc. &e. &e. 


) (1) I I I tT) pe I} 9° i ee 
Po nt EP pms «+ = (DOPOD 4: -) APMC APL TetPy Bet | 
ae +p. mn, +p m,O 4 = ( p,? +p, +p, + i & ) B+p,?x, 40, +), 03+ ee (2 ) 
P, 3 m3) +749 92,0) +p, m,9) + + = (p,® +p) + p,9) + 2 -) C+p,2, +D)0,--p, 05+ = 
&e. &e. &e. 


It is evident that when the number of observed points is very large it would be 
Impossible to solve these equations directly. ‘This, however, is generally, indeed always, 
the case ; and therefore recourse must be had to the method of successive approximation. 
First, then assume Ly Lz + + + individually equal to zero, then the second set of 
Cquations will give, 
A= pom” + pm,” + pom” = aan. 
p + 0” +p,” j* + 
RB = pm, - p,m, + p,m, sein Sar (7) 
p, + p,”) +p, + o 
C’ = pom,® + Pm + pom + +: 
p, =e np, + p;,” oe J 
for the fr : 
_ tor the first approximate yaluesof ABC. >. 
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Substitute these valucs in equation (a'), and we get, 
Er iL a Lee a OL Nee A se 
Pet DS + DOP + 
— pi (m, — A’) + p,© (m,® — B’) + 9, (m9 -C) 4 --- (3) 
3 PD; + p, +p, + p,? + ao ke Me 
re np, (am, ae A’) at p, (m (2) tee B’) ao p (3) (mv,9) pea C’) 4. a | 
Ps + ps? + Pp,” + | a . 
&e. &e. &C. 
These values substituted in equations (A’) will give the next approximation to the 
values of A BC. - -, which are, 


ae 


7 ai LP 9 a CL 2 Net 2) 
ps ol p ae pe? Spe 88 
Ba Bo Cm, — 2) +p. Cm — 2.) + pO (mm, — #,) + ++: 


PO + pO? +p +--+ peek) 
C = p,?) (m,®) ees x, ) 1 p,) (in, =e X,) -} p, (an, ae w,) + es | 
p,?) + 9, + p, 4 ota 4 F J 
&e. &e. &e. 


These values may be again substituted in equation (@’), and more correct values of 
J 5 
Ly ,, U,-° + > + will be obtained. 


These Jast values of ABC. ..-have been used as the true or most probable 
bearings with reference to the referring-object. | 


Should the observation of this object be deficient in ther" arc, then from equations (@) 
nz Be (m0) — A) + pO) (moO — B) + pO (mO —C) + + -- 
. pe? - Dy? ok: p,8) + - | 
The practical working is as follows :—The means of the reading of the microscopes for 
each object are taken in the observation book, and to the reading of each object on any 
one are a certain quantity is added, making the reading of the referring-object on that arc 
equal to a given quantity constant for the station. This constant reading of the referring- 
object is (for convenience) its calculated bearing from the south meridian line. 
These results are abstracted for each station in the following form, in which the 
reading of the referring-object is supposed deficient on the fifth arc :— 













finished ——. 


Ist. Abstract of Angles observed at Theodolite, commenced 





with the 








Number 





Date. Observer. Of Ase. R. 0. A. BR. C. D. KE. G. 
I m m A 
2 m m,{") e e m (3) m,{4) m,(S) 
3 | m m,() 
| 4 ™m m ,@) m,°3) m m,@ 
Means. mM m(1) m®) mn (3) m4) mis) on) 











nt) nis) 
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To each reading in the fifth are the quantity 
J (mS — 29 + mo — 2 +m — nO + m@ — nO + md — ni) 


1s to be added, which wy] then alter them to 2,9 2, . ". and the abstract will stand thus: 














Number 
of Are, R, 0, A. B. C. YD BE. FE. G. 
aneni at: eee 
I m m () 0) m,(8) m, m0) 
2 Mm Mm (1) m,{3) M1 (4) m (5) ‘ * ‘ 
3 m m ©) m,() mn A mn, m, (1) 
4 | ™ m ©) m3) m{4) m9) m7 
5 . (6) (7) 
ee ° - 7,3) n (4) 2, (8) v3 Tr 
Means - m an) m®) m3) on) 95) m6) a(t) 


The quantities wv, v, + + are then calculated for each arc by equations (®) thus:— 
and Pa a - (2 — mO + mi) — m,0 + ms) — m,) + m© - m,© + mi — m,”) . 

y #,#,, These quantities are applied to each reading in the respective arcs, 
and the new modified readings abstracted again in the same form. The means obtained. 
from this last abstract are taken as the final value of the bearings. 

The following numerical example will suffice to illustrate the process :— 























Observer and Number D. 5 

_ Date" | ofl pee ye Poe, soca 220° 3 art 43 
I 29-21 6-0 14:0 8 - 19:00 39°17 
2 ae ee ; + J ; au 18-18 38-22 
3 29:21 34-21 11-86 | . i te . 39°43 
4 29:21 32-41 10-71 46-05 |. 16-30 ° ° 
5 29-21 II-QI 48-30 as 
6 agar |. . |. eas 18-59 or Oe 


Means 29°21 34-64 IQ-Td 47-40 17°25 39°46 
Sa cee ey Ne, NINE, TRL SUERTE ere! 
The errors of the ares will then stand thus :-— 
































RO A B C. D E aks 
I *00 + I-40 + 1°93 + Ord $1-75 —0°29 4.087 
P °00 +1-27 . ‘ P P +0-93 I-24 “tO 2a 
3 00 —0-43 —o-28 : . Oot ides 
4 “CO 223 —1°+43 1°35 —0:95 . . es 
5 "00 ; —0-23 -+-0-90 — 3:08 ee ee 
6 00 : “+ 1-34 +1-58 oe 
a ee, Se Se I ee 
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The mean error for each arc being then applied, with contrar y sign, the second abstract 
will stand. thus :— 





Number R. O. Phe ale Bo! C. 

















D. E. 
of Arc, | = 49 a7’ eo 7" 37° 34 97° 54 220° 3! 271° 43’ 

I 28-34 35°17 13-20 46°97 18-13 38-30 
2, 28-97 35:67 17-94. 37°98 
3 29°40 34-40 12-05 39°61 
4 30°40 33°60 11-90 4.7 +2 17°49 
5 29°81 ; 12-51 48-90 14°77 
6 28-24, ; ee 17-62 40:07 

Means 29-19. 34-71 12°42 47°70 17-19 38-99. 





These last means are taken as the resulting bearings for the station. 

In this manner all the observations made with the two great instruments, and some 
with the 18-inch, have been reduced. All given in the abstracts in this volume have been 
thus calculated ; the old as well as the new. It may perhaps be objected to this method, 
that it is not a sufficient approximation; but another approximation would have cost great 
time and labour, as, to be consistent, it must have been carried through the whole of the 
observations, and the advantage gained would, after all, be but small. 

The weights have been calculated from the final abstract, the differences of the indi- 
vidual readings from their means being considered the errors, in the usual formula, 

7) 2 
2 & (£7) 

When there are only two or three observations to a point, the weight thus obtained 
has not been generally used, as theoretically 7 is supposed large. In such cases the rule 
adopted by Captain Yolland was first to obtain the mean weight of a single observation 
at the station, and then to give to the mean of two observations twice this weight, and 
to the mean of three observations three times this weight. The mean weight of an 
observation is calculated thus: if n, w,,7,w,-+ + + be the number of observations and 
weights corresponding to the different bearings, and w the mean weight of a single obser- 
vation at the station in question, then 


w= 


1 ot ey She 

=~, . UW, Ww, W, 

wo Ny tN, + Mz, + 
but if the weight that would thus be assigned to a bearing should exceed that due to it by 
the usual formula, then the latter was’made’ use of; and not that resulting from the mean 


weight of an observation at the station. 


REDUCTION OF OBSERVATIONS. 67 


The weights would have been materially increased in many instances by rejecting ve 
would appear bad observations; but the rule has been never to reject any, unless the 
observer has made a remark to the effect that it ought to be rejected. | 

(3-) The method of reduction of azimuthal observations is to take the last reading of 
the star before the reversal of the telescope at the clongation, and the first reading after 
It, and having corrected them for their respective level and collimation errors, to use their 
mean as the final result for that star. If Z be the recorded level error corresponding to 
an observation as given in seconds: by. the striding level, west readings being considered 
positive (the scales are divided from the centre outwards) and east readings negative, then 
the correction for level is, z being the zenith distance of the star, 

/ ---6 cot 2% 


if 7 be the error of collimation, as given. by the referring object, then the correction for 
collimation is : ie | 


c cosec 2 


In the case of the stars above named, it is sufficient to take the colatitude of the place 


of observation for the zenith distance; though indeed the latter has been generally 
“pproximately computed. : 


na If, then, R R’ be the observed theodolite readings, / J’ the corresponding level errors, 
me collimation error, then the reduced readings are ~~ 
_ R + 72 cot z + ¢ cosecz 

Th a R’ + 1 cot 2 F © cosec 2 . 

€ collimation correction disappears in the result, but it is calculated in order to show 
Oe “gteements of the individual results. The declinations of the stars are taken from the 
_ * Nautical Almanac,” interpolating for quarter days. The small correction depending on 
the moon’s longitude has not been regarded, as the observations have not sufficient precision 
to make it necessary. — | 
Considering the great value of azimuthal determinations in deducing the final results 
Scodetical operations, some experimental calculations were made by the method of least 
“quares for obtaining the most. probable direction of the meridian as given by the collective 
observations of separate clongations. The method is as follows :—Hf a star be observed at 
. S!ven time, ¢ minutes, after or before an elongation, then its azimuth will differ from its 
azimuth when at the elongation by the quantity | 


from 





rei, 77 Sin 28 4) 3 sin? 1” 22229 cot h 
(450 ¢)?sin 1 oe 4 (g00 2) > sin = 0 
| in 20 sin 25 
= -98 _ 20 4: 0042 —~—— cot hr z3 
9°17 sin 2 + 43 sin 2 


i seconds 


» Where 8, z, h, are the declination, zenith-distance, and hour-angle of the star. 
The secon uke - 


Pie d term of this expression need not be used unless the star.be 20 minutes or more 
Tom its elongation. | : es : 


I2 
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Let «,, @, ¢,° + + be the readings of the star at the times #, ¢, 2. + + - respectively ; 
A,T, the azimuth and time corresponding to the greatest elongation, then for an eastern 
elongation these will be the equations : 

a, ,-p(L—-t,)?’-A=o 
a,+p(T—t,)?-A=0 
a,+¢(T—-t,)*-A=o 


ay te (T— ty)? - A=0 
Where 


in 20 
p= ghey 


the equations for a western elongation are formed by merely changing the sign of p. 





The left-hand members of these equations, being in general not equal to zero, are 
the errors of observation. We must therefore give Zand A such values as will make the 
sum of the squares of these errors the least possible; that is, the quantity 


U=(a,+p(T-t,)?—A)? + («,4+p(L—t,)?-A)? + ee (,+4(T— t,)? ~ A) 


in which J’ and A are to be considered variables, must be a minimum. 
Making the differential co-efficients of U with respect to A and 7’ separately equal to 
zero, there results, after a little reduction 


L- (2 PT 4. tn) ([z "| ae eal *) = [art)y—enctn +e (fe Sate [tn]°) 
Axtg+p (T?—2t, T+ [éJa) 


where [¢,,]” denotes the r power of the mean of the quantities ¢, and [?"],, denotes 
the mean of the r" powers of the quantities 4. These equations furnish the most probable 
values of the greatest azimuth, or that at the elongation. In the case of a western elongation 
the sign of » in these equations must be changed. 

In consequence, however, of the laborious nature of the calculation, and the often 
erroneous valuc of the time J resulting from the discordance frequently shown between the 
observations of the star in one position of the telescope previous to the instant of elongation 
and those taken in the reverse position after it, this method was not generally carried out. 
In those cases in which this calculation was made the result did not differ but by a very 
small fraction of a second from the result obtained in the usual manner. 


(4.) In some cases it has been necessary to combine the observations taken at different 
times and with different instruments at the same point. The following is the method of 
calculation :—Let a By---,a PB’ y+ + +, be the two sets of bearings, of points common 
to both scts of observations, w, w,w, - - + w, w,'w,’ - - - the respective weights of their 
determinations ; let } be a quantity to add to the second set of bearings, in order to refer 
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them to the same initial point of azimuth with the first observations, and let ABC. + - be 


= most probable bearings to be determined from both sets of observations, then, by the 
theory of probabilities, the quantity 


ae (A — a) 7+, (B—f) 7 4 W, (Cy)? +4 ae 
tw (Aa _>)?4w,' (B— 6’ — >) *4,' (Cay -o)? 40 0- 
nibst be made a minimum, ABC +++ ¢ being considered independent variables. This 
Will give the following equations :— 


(w, i w,’) A= W, & + Ww! ce” a w ,! d 
(w,+w/)B=w,b+w, BP 4 wo 


~ 
: . 


Where ,40,++°+-)>=0,(¢-e)4u,(RP-B)+--: 


I 
a Spa 


I I I 
v w, ?>v, WwW, w, 


I 2 . : 
(5.) It may be as well, in connexion with the subject of bearings, to explain the 
a by which the position of a lost old station is calculated by means of the old bearings 
aken from it, and the new angles taken from a new station known to be very near the 
Position of the old station. 

; Let d, d,d, +--+ +» bé the distances of the points common to the two sets of obser- 
vations, the nearer the better; a, a, a +++:- their bearings, with the weights 
tidade, "+ + + as given in the new observations; «,’ a, a, +++ + + their bearings with the 

8 5 WY! wy w,) - - as given in the old observations : 
om et v y be the co-ordinates of the old station, 7 being measured. from the new point 

¢ direction of the line from which the bearings «’ are counted, and y perpendicular to it. 
Let also z be a quantity to be applied to all the old bearings, in order to make them 
Comparable with the new bearings, z is then the angle between the directions of the line 
tom which @, @,@, + + » . are measured, and of the line from which @,’ «,/ @,’ + + + + are 
measured: We then have the equations 


oe Se eee, 


d, 

v I — re 3 

v Sin a, y COs sas le een 
d, 

© SiN @,—Y COS, _ rae ia 
d 3 3 


3 

a so on. If both sets of observations were perfect, then these equations would be 
identically true, and any three would give the true values of 7 y and z. But each equation 
being affected by errors of observation, « y and z must be so determined as to make the 
sum of the squares of the errors, each multiplied by the weight of its determination, 4 
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minimum. Now the weight of cach equation depends on the weights of the bearings from 
which it is derived; that is, the weight of the 2" equation is— 


/ 


and thereforé the quantity | 7 _ 


sin &, COS &, 




















te 24 4 : 2 
U=0,(2 5 y; 5 reek Gees) 
be I ; 
sin a COS a 2 
ee la: ike dat alii anlar 
3 2 
COs & COS @ 3 
+0,(# re a 2% +0,—a,") 
3 3 4 


+ oo * *© @© @ @#© # 28 ~ 
where 8, = d, sin 1”, must be a minimum with respect to the quantities x y z. If we write 
a, b,c, for the co-efficients of x and y and the quantity «,—«,’ in the n parenthesis, then 
the equations for determining the minimum are 


(va?) a+(vab)y—(va) z+(v a c)=0 
(vab)r+(vb')y—(vb)z+(vbe)=0 
(va)u+(ub)y—(v)z+(ve)=0. 
where the brackets have the usual signification of summation ; that is 


(va) =v, a7 +24, A> +V, 4,7 ee 
(vab) =v, a,b, +, 4,b,+0,4,8,+ °°: 
| &e. &c. _ 
These equations determine x y z and the respective probable errors. 


OBSERVATIONS, 


TERRESTRIAL. AND ASTRONOMICAL, 


FOR THE 


PRINCIPAL TRIANGULATION, 


SECTION IV. 


| THE first part of this section contains extracts from the reduced theodolite observations 
: of terrestrial objects. These extracts are confined chiefly, but not exclusively, to the 
Principal points of the triangulation of Great Britain and Ireland. It has been. considered. 
Sufficient to give the ‘mean bearing’ of each observed object, with the number of obser-_ 
vations taken to it, their range, or the difference between the greatest and least observation, 
With the calculated weight of each mean bearing. The method of obtaining the mean 
bearings from the Observation Books is explained in the preceding section. 
The corrections to the observed bearings when the trigonometrical point is not the 
object observed, are obtained from the measured distance and bearing of that object from 
.., the trigonometrical point. There are, however, two exceptions, namely, in the corrections sy 
reducing the bearings of the old stations at Delamere and Easington to the new stations ; 
the corrections in these cases were obtained from the distances and bearings of the old 
from the new stations, as calculated from a comparison of the old and new observations at 
those points. In these cases the weight of the corrected bearing has been erroneously 
assumed equal to the weight of the observed bearing, but the oversight is not of sufficient 
magnitude to affect the positions of those stations. 
The bearings are referred to an approximate South Meridian Line. 


The second part contains the principal azimuthal observations in detail, and the results 
of those which are less important, together with their range and probable error. 


ee ie ae 


wee eee, 


The third part contains the results of the observations made with Airy’s and Ramsden's 


‘s-«-Zenith Sectors forthe latitudes of yarious points in the triangulation. 
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EXTRACTS FROM THE GENERAL ABSTRACTS OF OBSERVATIONS. 


ACKLAM WOLD. 


18-in, Theodolite. 


From 24th November 1841 to 26th March 1842. Observer: Corp. SreEL, R.S.M. 









































No. | . Recip. No. Recip. 
Objects. Bearings. of | Range.| of Objects. Bearings, of ;Range.; of 
bs. | Weight Obs. Weight. 
| 
o fi ‘i 6 / fi 
Crowle «© «+ ° « 3 12 o-8r| 3 : 5 27 | 3-30) Great Whernside 99 17 24°43] 5 4-66 I-09 
Wemingbro’ Spire -| 22 t0 9-72] 6 '12-72' 5-26; Hambleton Down + | 127 47 57-76! 5 | 3-45) 0-73 
Clifton Beacon - 23 41 28-67} 21 1-16/ 0-33] Black Hambleton - 133 24 33-60! 6 | 9-82] 2-84 
Garforth Cliff » +) 52 23 44-59! 4! 8-g1! 5-05! Botton Head +/ 153 46 15-82 ° 8 110-20 4°99 
York Minster 63 18 4-36; 7 18. "QO 10-43, Saltergate Brow +; 191 26 2-87: 8 |16-82) 6-63 
Rumbles Moor - 46 54. 45:2 3 : 4:84 3-28) ‘Wilton Beacon - 346 20 1-31] 8 |29-85 31-54 
| | | 








|}Epwell - + + +) 48 2 48-63 
| Broadway noes -| 62 41 46-15 
i Breedon Tower- -+-| 72 54 32-47 


ARBURY HILL. 


3-ft. Theodolite, 3.0. 
From 20th January to 29th March 1843. Observer: Serg. DonELAN, R.S.M. 





ee ; No. Recip. . No. Recip 
Objects. Bearings. of |Range.| of Objects. Bearings, of |Range.} of 
Obs. Weight. bs. Weight. 






































° f df 

6-88 | 1-12 | Dunchurch Tower + | 157 19 14:80] § | 4-01 | 0-89) 
1-47 | Bardon Hill - « +|172 16 8-40] 15 | 5-50] 0-25, 
1-55 | 0-27] Referring-object- -|185 7 13-94 |102 | 7-39 | 0-03 
Malvern +: : 0 37 49°73 6-81 | 0-94} Naseby Ch. ‘Tower - | 218 13 34°00] 7 | 4-39 | 0-98 
Lord Plymouth’s Hanslope Ch. sina 295 11 14:03] 2 | 1-46] 2-13 

Monument + +{ 107 16 40.87 0-78} 0-07] Dunstable + - 310 37 15°24] IO | 2-95 | 0-23 | 
Bar Beacon + + +} 129 24 36-25 9-43} 1-76] Wendover + + +|329 55 17:18] 6 | 3-84] 0-52 | 


oot a ST 
in 
wo 
CO 


ort 


;Corley? + * © 9/138 119-18) 7 | aes7)o.c8} Brill » + + + +1347 28 19-38} 6 13-30] 0-80. 


| 


1 A correction of -++ 3°39 to be applied to this bearing, to reduce it to the trigonometrical station. 
2 A correction of + 9”*99 


—e 


39 9) 33 
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AXEDGE, 


3-ft. Theodolite, rs. 
From 21st April to 21st June 1842. Observer: Lieut. Prron, RE. 














Objects, : No. Recip. No. Recip. 
Bearings, of |Range.! of Objects, Bearings. of |Range.| of 

a ae Se Obs. Weight. Obs. Weight. 

Lonemoun o 44 “ / 
Ashley one @ 39 10 56-49| 5 | 4:27! 0-86] Ingleboro’ - + + 164 16 59°81 as 530 1-56 
Long Mout. "| 39 46 26.05} 5 | 2.29! 0-24] Boulsworth - + - 170 50 44:13| 4 | 4:69 | 1:87 
Moweopt . | 49 58 30-76; 2 |0-78| 0-15] Holme Moss: + -|187 15 44-19] 15 | 6-17 | 0-48 
Cym-y Brat,  * | 33 3% 25-03) 11 | 8-89} rrr] Kinder Scout + +| 194 50 53-66|.18 | 9-54 | 0-68 
nowdon . ‘ 75 43 38-14} 8 | 2-78] 0-19] Lord’s Seat +» - -/atr 8 o-19| 13 | 7-07 | 0-54 
locl Famman *! 83 32 43:92} 4 )2-:00/0-26] Back Tors . ~. «] 278 38 2657) 12 | 582] O45 
Rivington oS 84 50 47-58 | 10 | 6-50 | 0-56 Heathersedge + +] 243 34 45:64 10 | 3-52 | 0-27 
Whittic Wi. . || 129 47 40-62) 5 | 5-23} 1-16 | Lincoln Minster! « 269 19 9-51; I} — | 6:04 
Pendle Hilt. || 2. 33 21-96} 10 | 8-77/ 1-18] Bardon Hill. + + | 323 32 35-24] 7 | 3-27 | 0-43 
*|162 1 9-66} 4 | 3-13| 0-97 | Weaver Hill, New - 346 14 31-08 | 12 | 9:07 | 1-14 





! : 
A correction of — 2”°83 to be applied to this bearing, to reduce it to the station. 





BACONSTHORPE TOWER. 


2-ft. Theodolite. 
From sth August to 4th September 1843. Observer: Corp. Bay, R.S.M. 








Objects, 
Objects. Bearings. 


alingham Tow oO 4 4 “ 
waffham Spire at 19 27 68-95 : Happisburgh ‘Lower 285 16 37° fa 


Docking Tower. . a a a . Norwich Spire - +/341 26 13-94 


1A 
Correctj e e e « ° ° bt 
fon of + 2” 39 to be applied to this bearing, to reduce it to the observing station at Swaffham. 


BALLYCREEN. 


3-ft. Theodolite, B.o. 
From 26th August to 24th September 1852. Observer: Corp. JENKINS, R.S.M. 


























Blackstain | ae - e ee ry 


0:09 


Objects, : No. Recip. No. Reeip 

Bearings, of |Range.| of Objects. Bearings. of |Range.} of 
fe | bs, Weight. Obs. Weight 

RAE ee eee CON SAE Be et eee ee es eee ae 
itor . * ° . A 53 2 4 4/ M L Ps (e] / . 32 4 6QI O 18 
Tth Mo . *°95 | 9 | 3°77 1 0:3 ount Leinster +; 40 3 13: 3 : ; 
liey 0 Beuntain "| IL 16 13-70] 34 | .a1 Jo. . Knockanaffrin + + 5° 6 6-84] 18 | 5-08 016 
5°-20|0-14] Keeper + + + +| 82 28 31-74 36 | 5-88 | 0°09 
7°3 


310-36 Cullenagh - 8 +} O4 13 01331 24 1 4°74 
K 
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BALLYCREEN—continued. 

















; No. : : No, Recip. 
Objects. Bearings. of |Range.| of Objects. Bearings. | of |Range.; of 
Obs. Weight. | Obs. Weight. 




















Ee ee 























| 

Cadeen + © + ; 104 II 54: 30 13 | 5-15 | 0-32) Snowdon. - + +) 262 53 ag 12% | 4°27 ' Or1g | 
Lugnaquillia « «| 129 28 14-831 15 | 3-97} 0-11] Collin» - «© + +} 270 37 53-26) 50 | 5-57 0-05 
Mullaghslaban - -/ 172 33-42-02 18 | 7-49 | 0-28] Ballymile - + + | 296 43 48-45| 19 | 4:25. 0-14 

| Kippure s+ + 61 184 33 36-93) 33 | 6-37 | 0-15] Precelly - + + +| 314 20 29-80/ 10 | 3-81 , 0-30 
Douce + ; +1199 42 45-03} 21 | 4°51 | 0-13 | Arklow poor » «| 318 42 35-26 | 34 | 7-69 | 0-12 
Great Sugar Loaf - 208 50 0-56) 22 ,5:01|0-13) Tara - . - + 1337 35 41-81) 74 | 6-81 | 0-03 
}Dunrain + «© «© «| 227 14 29:96: 25 | 4-91 | 0-10] Croghan - - + - | 348 10 53-70} 28 | 5-85; 0-12 
Carrickmarino - «| 241 43 15-59 35 | 4:24 | 0-06 | 

| | 
a ee 
BALNASKERRISH. 


3-ft. Theodolite, B.o. 
From ist to gth October 1819. Observers: Major-Gen. Coby, Lt.-Col. Rose, and Capt. Dawson, R.E, 


Objects. Bearings. A -| 0 Objects. | Bearings. 
S, 


/ ff / / 

Ben Vacher> « - 51 43 4*52 Scarabin . | I 97 8 19: 50 
Scournalapich, Old!.| 54 59 25-85 -27 | Bin of Cullen | 28 289 46 27-60 4+92 
Ben Wyvis . oe 8 67 53 33°53 , ‘ Knock s 8 6 #1295 9 14°08 3°22 
Airdross + + + +f 76 57 14-14 +451 Windlay Seat + +| 311 31 36-93 3°79 
Ben Lundie - - -+{|138 21 20-88 ; . Corryhabbie + + +| 326 38 29-86 5°53 
Ben Horn - - +{148 a1 10-58 . -17} Ben Macdui- + +| 354 25 14:45 749 


1 A correction of + 16°53 to be applied to this bearing, to reduce it to the trigonometrical station. 





BALSHAM CHURCH TOWER. 
| 2-ft. Theodolite. | 
From 23rd May to 23rd June 1844. Observer: Corp. Bay, R.S.M.: 











No. Recip. | ; ; | No. Recip. 
Objects. Bearings. of |Range.| of Objects. Bearings. of |Range.| of 
Obs. Weight. Obs. Weight. 





| 
o é 4/ ff 
Tharfield. + + +} 62 7 52:00] I4 | 4-40; 0-281 Peterboro’ mane 142 22 4:79 2 | 1-71 | 0:73 | 
| Royston - + + +] 67 48 37-01| 10|4-96|0-49] Balsham - - - 150 59 14°94) 91 | 4-89 0-01 
Orwell + + © +] 95 13 2-95] 8 | 3:69) 0-37} Ely Minster. + +/|172 41 47-36] 14 | 4-30 0-19 
Keysoe Spire + +| 104 34 44:25] 6 | 5-05, 0-91 | Swaffham Spire? -| 203 39 57-66} 8 | 4-74 0-43 
Cambridge Observa- | Lawshall. . + + | 264 49 10-32] 10 ] 2-50] o-11 
tory Dome. - -| 120 45 58:95) Il | 5-44 | 0-36] Thaxted Spire - -| 355 22 26-44] 9g | 2-93 | 0-28 








_ 1 A correction of + 2”°87 to be applied to this bearing, to reduce it to the trigonometrical station. 
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od - 2 ae Ate | eee 
sw oe on gate, BO, and Jain; Theodolites, | 


= I oo to 27th August 1817. Observers: Major-Gen. CoLny and Mr. GarpNen. 
24th to 26th February 1847. Observers: Privates JENKINS and CLARKE, R.S.M. 








Objects, No. Recip, No. Recip. 











Bearings. of |Range.| of Objects. Bearings. . |.of | Range. | _ of 
a Obs. Weight. Obs. Weight. 
es eee * elena Ba 
Fetlar 


{Yeh . " *} 16 15 31-65] 9 6-65 0-80] Saxavord + + «| 160 45 39°21 II 4-87 O-51 | 
Vallafield — 36 2 23-70/ 10 | 4-94 0-31] Nive Hill ~. - -| 281 20 56:07 | 35| 86-66115-12 
"| 88 39 27-35) 3 | 2-01 | 0-45 | Gerth of Scaw - + | 186 30 49-64] 35] 113-82)/35-79. 


| BANSTEAD., 
: 3-ft. Theodolite, b.o. ; 3 
From 4th August to 11th October 1848. Observer: Serg. DonELAN, R.S.M. 





Objects, : No. Recip. No. "| Recip. 
Bearings, of |Range.| of Objects. Bearings. of |Range.| of 


ry) 
a Obs, Weight. Obs. Weight. 
ar eee runsdensnenete eens 


Leith Hil .. S) ‘o4 “ O° fs 4 “ 

Obelisk a "| 35 4 30°43) 14 | 5-64 0-36] Wimbledon Spire - 181 12 25°00} II | 6+24 | 0-47 | 
Heath . | Sehot Berkhampstead - «| 187 11 22-78] 3 

St. Anne’s Old "| 94 12 41-18) 5 | 4-32] 0-80] Highgate Spire. . 189 0 15:87] 5 | 3-49] 0-59 | 
Ditto Nei, "| 112 38 20-73| 9 | 4:70 | o-go} Westminster Abbey | 196 24 57°78] 32 

Windsor Castle St Ps TI2 51 20%49 | 10 | 3-55) 0-27] St. Paul’s Cathedral | 200 14 8-03 |. Q | 6:01 | 0-79 
ampton Church T T2432 17-29) 5 | 5-21] 1-29} Chingford - - + | 202 32 16-59| 18 | 7-10 | 0-42 
ing’s Arbour . 136 13 29-22} 8 | 5-04 | 0-67] St. George’s Church | 

Hampton Poor TH "| 337 53 51-48] 1417-17 }0-42] Tower, Ratcliffe «| 206 33 21-83] 5 | 2°65 | 0-31 
*uUrow Spire ONS) 139 IO 54-40] 13 | 5-21 0-23| Epping - + + +]{ 208 23 34+18| 12 | 6-50 | 0-34 | 

Hanger Hill Tower? 163 23 3-43] 10 | 4-62] 0-35 | Severndroog Tower | 228 51 8-69 | 13 | 8-87 | 1-08 
V2 OWer? | 165 38 58-79] 16 | 8-78 | 0-68 . 












1 
2 A Correction of — 
Correction of — 






+ 1O"* 54 applied to this bearing will give tho bearing of the present station on the Tower. 
2 *g2 . 


33 +S) 33 





BARDON HILL. 
3-ft. Theodolite, B.o. 


F 
‘Tom 6th July to 29th December 1842. Observers: Licuts. Ropirnson and LurKen, R.E. 









Objects, 





ip. O. 
of Objects. Bearings. of | Range. 


Bearings, 
Weight. bs. 


(ee 


Bro 
adwa 
vay Tower . 


of Range. 
Obs. 




















Se | ee |e cece | 


24. 45 34-83 5 2.05 0-26|Bar Beacon. - -!| 68 48 20-63 


Corleys 4; 2 72, 
Malvern . _ | *{ 30 36 30-84] 5 | 2-34 10-24] Brown Clee. + -+-| 73 28 56-64} I] - 
Lord py, *, ‘| 46 © 58-31] 4 | 3-251 0-74] Longmount Pole -| 80 21 56-54] 2 | 0-71 
Moaumece rekin + + + +| 87 2 6-67) 4 | 0-74 
| 51 26 20:57] 2 | 0-64! 0-10 | Castle Ring, New -| go 10 —) 3} 1:95 


1 : : 
2 A Correction of — 0°28 to be applied to this bearing, to reduce it to the trigonometrical station. 
Correction of +8"-3, - . i fe ee ae 


K 2 


76 PRINCIPAL TRIANGULATION. 


BARDON HILL—continued. 



































No. Recip. No. Recip. 

Objects. Bearings. of {Range} of Objects, Bearings. of |Range.| of 
Obs. Weight. Obs Weight. 
° f | / ° | “ | 

Ashley Heath + +/108 5 32-85 3 1-87 0-40 | Referring-object + | 213 47 1242 147 | 6-02 | 0-02 
-Moweopt: + + +1126 56 41-65} 4 | 1-83 | 0-22] Lincoln Minster? -| 222 0 59-43] 6 | 3-03 | 0-37 
Weaver Hill, New + | 132 47 55.03| 3 | 2-15 |0-62| Stathhearne. . «| 241 11 20-20] 4 | 1-73] 0-20 
jAxedge + + + +/3144 2 31-59| 3 | 4-02 | 2-18] Buckminster Spire- | 257 16 35-871 3 | 2-64) 0-77 
|Back Tor- + + «| 161 54 48-02} 2/|2:-74| 1-87] Tilton . . « «1283 52 49-07] 10 | 4-24 | 0-37 
| Heathersedge +» «| 165 21 43-38| 3 | 2-91 | 0-94 Naseby Church Tr. - | 327 24 16-62) IT | 4:25] 0-18 
(Sutton - »« « «| 288 26 36:02; 6 | 2:25|0-261 Arbury Hill- - -| 352 11 37°59! 8 | 6-00] I-00 
Holland Hill . «| 201 32 26-17! 5 | 2-85 | 0-42 | Dunchurch Tower - | 356 58 37-34| 2 | 2-09] I-09 








1 A correction of + 1°86 to be applied to this bearing, to reduce it to the trigonometrical station. 


BARROW HILL. 
3-ft. Theodolite, B.0. 
From 28th August to 26th September 1845. Observer: Serg. DoneLAN, R.S.M. 



























No. | Recip. Recip 
Objects. Bearings. of /Range.| of Objects. Bearings, of |Range.| of 
Obs. Weight Weight. 
o / 44 af ; 2 o / af ff 
Hensbarrow+ + +| 102 37 50-08| 18 |r4-49! 1-07] Ryder’s Hill + +|155 44 51°53] 20 | 4-01] 0-16 


Maker + © +* +| 109 44 32-42| 6 ; O- Furland »- «© + +©{/212 25 467 6 | 2-89! 0. 

Maker Tower - +| 110 58 ae 8 $2 aah Pillesdon+> + «© - 223 9 a 18 Aa ae 
Kit Hill + + + +} 127 25 36-60} 31! 1-59|0-30} Golden Cape + +/ 227 11 13-18| 16 | 4-51] 0-27 
Kit Hill Tower. +} 127 28 40-02] 8 |12-84/ 3-53] Blackdown - + + | 237 27 47-94} 12 | 6-61] 0-56 
Butterton, New +) 145 25 44:50| 8 | 5-32! 0-78 | Referring-object +] 352 32 29-98] go [11-53] 0-05 





BAURTREGAUM. 
3-ft. Theodolite, B.o. 
From 29th July to 5th October 1831. Observer: Capt. PorTLOCE, RE. 
































i No. i 
Objects. Bearings, a Range. —— Objects. Bearings. of | Range. erie 
S. Weight. bs. Weight. 
0 4 “ ° / Mt a 

Knocknagante + +| Ir 50 47-01] § | 5-69] 1-83|Galtymore - + °}260 25 3211) I| — |g-10 
Knocknadober * 44 59 17-14 9 | 3°41] O25 Taur + + «© «© »* 265 35 25°62 25} 7°O1 0-23 
| Feaghmaan + + +} 48 26 53-59] 6 | 4-98] 1-04.| Knockanaffrin - +| 265 42 45°05| 5 | 3+56}0-40 
| Brandon + + + +} 96 18 33-84} 10 | 5-68] 0-42| Knockmealdown + | 268 13 45°65/ I] — | 9-10 
Bencorr + + + +| 180 59 22-50] 3 | 4-69] 2-44.| Knocknaskagh + -|276 5 16°54) 3 | I-39] 0-15 
Knockanore + + +| 203 14 14-41} 6 | 6-10] 1-42| Caherbarnagh + «| 293 27 3:21) 6 | 3-39] 0-33 
Slievecallan - + +/|208 3 16-36] 4 {10.58| 9-51 | Mangerton + + +{|317 56 43°36] 22 | 9-44! 0-45 
| Keeper + * * *} 239 45 27+96 4 6-90| 4-23 | Hungry Hill + + | 357 27 47°76) 12 | 6-33] 0-48 


/Knockfeerina « +| 246 27 32-46 3-68] 0-50 


OBSERVATIONS. 77 


BEACHY HEAD. 
18-in, Theodolite. 
From 8th March to 1oth May 1845. Observer: Corp. Sreen, R.S.M. 








Objects, . No. Recip. No. Recip. | 
Bearings, of | Range. of Objects. Bearings, of | Range. of | 

ee Obs. Weight. Obs. Weight. 
Bt a ot eee Seis 























Dunnose ° 6 of 7 oO « 4 

Rooks’ Hill, 1] 93 2 40-38} 12 | 7-03; 0-58 Brightling Observ*) 199 33 50:06 | 15 | 15-42] 1-86 

|Ditchling . . 7 | 293 48 42-47 | 1 ~ | 23-681 Frittenfield » +) 218 3 32-58] 17 | 13-06] 1-48 

Leith Hill Tower 725 27 3-61 | 29 | 32-08! 2-07| Fairlight . . - 239 13 45-86] 28 | 11-31] 0-57] 
eferrine-ohj ea 138 9 15:89} 20 | 14-45! 1-07 | Dungeness Light- 

einycet + | 185 44 4-84 ]107 | 11-16/ o-n2| house + ~ - 248 49 26-42] 16 | 10-02] 1-19 


BEACON HILL. 


3-ft. Theodolite, ns. 
From 20th March to 17th August 1849. Observer: Serg. DonELAN, R.S.ML 











Objects, . No. Recip. No. Recip 
Bearings, of | Range. of Objects. Bearings. of ; Range. of 
Obs. Weight Obs. Weight. 
Sr eee EG Cee pe Seem ee | enna 


| Queen’ oO f «4t - 
Cotinedon "| 7° 33 7:79} 18 | 5-01] 0-25 | Lansdown Obelisk! r51 12 49-34| 8| 9-05| 1-68 
Swyre Barrow | 22 3 P41] 16] 4:96] o-21| Milk Hill. « «| 157 20 840] 26| 6-59] 0-18 
Sarum. || 22 18 16:60) 14] 7-17 0-54] Referring-object | 212 52 57-12] 19 | 6:83{ 0°23 

ld Sarum Oa le 28 31 12-11 57 6-90 0-05 Inkpen - > 6 6 | 222 36 47°94.| 25 5:17 | Or! 
inereen : i © | 3° 1 56-58 49 | 5:84! 0-06] Butser> + + +/ 293 28 36:77] 22 | 6:97} 0°24 
“our-mile Stone .| 2. 22 .2°35| 2 8-05] O31] Old Lodge + +{| 316 17 13:40] 31 | 7:49] 9°25 
endip . | 5% 30 5248] 28 | 6-471 o-t2|Dunnose + + +| 329 26 22-02| 16 | 6-00] 0-39 
Westbury. , || 94 11 6-28] 16 4:83 | 0o-18| Motteston- + +| 340 12 53-15] 10 | 6-18} 0-56 
Stoke Hin | °} 709 19 7-59] 16) 4:10] o-19|Dean Hill. » -| 344 4 53°94 25 4:88 | O-15 
" *| 112 34 45-091 46 | 6-74} 0-09] Thorney Down «| 354 57 54°85| 28 | 9:00] O-21 


BEACON HILL, TRESCOW. 


18-in. Theodolite. 
From sth J uly to 14th August 1850. Observer: Corp. Wormersroon, R.S.M. 








| Reci 
Objects No. Recip. ; No. CC1p. 

, Bearings. jects. Bearings. of } Range. of 
nd nes - tf “ ° 2 e be | 
lhoues Light Pertinny «+ + *©/ 251 41 41°57 | 20 6:66] 027 


Karnminnj "} 2 17 56-64! 34] 9-86} 1-00} St. Martin’s Head | 263 8 29-24] 16 | 13°39] 1:44 
Sam Gans © * | 245 26 42-36 | 25 ae 0-51 | Telegraph Tower | 322 47 27-69} 17 | 73° ° 85 
ort + | 246 9 3°39| 24] 12-49] 0-52 | PeninnisWindmill | 336 7 27-08] 18 | 11-45 


48 PRINCIPAL TRIANGULATION. 


-BELLEFIELD. 
3-ft. Theodolite, B.0. 
From and to 9th June 1807. Observer: Major-Gen. Cousy, R.E, 














Objects. Bearings.’ of Range. ' Objects. Bearings. © of Range. 
bs. 








ee SS = SS SOS 














Rivington» . - 188 1 10:65 5 
— | 15-99 Knoll Hill . . 214 29 26:08; 2 7-79 | 15+17 
6|Mowcopt - - +1317 4 38:60] 4] 3 


Le) f af 
Delamere, Old! +| 25 23 57:07} 7 
Cyrn-y-Brain +| 48 42 2-93| I 
Heswell - «© «| 86 27 35°79| 4 
Billinge + - «1152 17 13:65] 6 








1 A correction of —1”+07 to be applied to this bearing, to reduce it to the new station. 


BEN CHEILT. 
3-ft. Theodolite, B.o. 


From 18th to 21st September 1819. Observers: Major-Gen. Coty, Lieut. Col. Robe, and Capt. Dawson, R.E. 





























No. | Recip. No. Recip. 
Objects, Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. | - Weight. - Obs... Weight. 
6 / fd é 

Searabin + + +| 48 7 26-27) 6 4-38 0-73 | South monerashay 206 5 32: +83 6 9-02 2°75 
Ben Clibrig - -| 81 27 47-99 5 | 6-32; 2-04] Knock. - 336 12 57-951 9] 7-04} 1°43 
Ben Hope+ + +} 98 38 16-58) 4] 5-36} 2-05 | Bin of Cullen -| 337 30 46-67| 9g | 6-52) I-02 
Ben Hutig + +] 111 37 32-64) 4] 4-48) 2-03} Corryhabbie - + | 354 13 26-22) 6| 3-11} 0-48 

Wart Hill Hoy -| 181 58 23-40] 71 4.33) 0-72 | 





BEN CLEUGH. 
—-3-ft. Theodolite, ns. 
From 27th September to 13th November 1848. Observer: Corp. WinzEr, R.S.M. 












No. | Recip. | No. : Reip. 
Objects. Bearings. of | Range. of Objects, Bearings, of | Range. of 
Obs. Weight. | | — Obs. | . Weight. | 











ES 

















re) / / y oO / 4d 
Cairnsmuir on Craigowl - + +|228 49 38-69] 19 | 7-04| 0-38 

Deugh - + +] 15 16 14:94} 11, 8-49] 1-02 | Hast “Lomond - 259 16 5-55] 22] 4-42 0-31 
Merrick + + +| 20 59 10:06] 13 | 9-09} 0-69] Largo Law - -| 263 47 37-58/ 18 7°55 | 0:37 
Corkmulaw + +} 49 5 47-13| 21 | 5+33| o-30|Sayrs Law + -+| 298 22 3.08] 161 2.27 | 0.2% 
Bin of ci +} 50 28 41-24] 22 | 7-28 yo Calton oe 
Goat Fell- + +| 55 34 43°16 8 a 0-26} tory Vome » | 20 ‘ 211 Of] 
Elill of Stake- +-| 57 39 37-89 24. ae O-41 Arthur’s Seat. ae 2 se , Hey : 
Ben Lomond: +} 90 54 22-98{ 48 | 16-16| 0-36] Allarmoor. . . 315 17 31-46 . 
Ben Nevis + +| 132 20 35:37] 27 | 7-57| 0-25] Carnethy Cairn - | 320 4o 53°75, | 30°| 10:27 | aF57 
Ben Lawers - +|145 16 23:84] 38 | 10-40| 0-26 | Dunrich + +1331 36 30.00| 10 | 4321 o-48 
| Ben Macdui + - 183 31 26°17 26 6°55 0°22 Hart Fell . - 344 56 3°41 9 “gel7 t 0-34 
1Glashmeal + -+| 197 41 34°89] 21 | 7-32] 0-32] Tinto + + « «| ge4 yy 8.97117 | 6-92| o40 
Mount Battock -| 216 10 28-01] 11 | 7-84] 0-78 : 
















1 A correction of + 9”*57 to be applied to this bearing, to reduce it to the trigonometrical station.- 


oe 


OBSERVATIONS. | 79 


BEN CLIBRIG. 


3-ft. Theodolite, B.o. 


| From 5th August to 20th September 1839. Observers: Lieuts. Roprnson, Prron, and Hamuey, R.E. 





. ; No. Recip. No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
B Fray ‘ 0 fw “ oO ff 4 “ 
en Wyvis : 9 Il 42-13} 25 | 7-19] O-41| Dunnet Head -| 231 1 33-23 4:64} 0:95 


Scournalapich ? 


torr 2% 3 58-93} 13 | 5-44| 0-35 | South Ronaldshay | 233 55 25-86 
Suilbhei 8 tb 530 6 52-83} 15 115-56] 1-59] Ben Cheilt + -| 260 35 6-21 
ane oe 72, 58 30> -60 5 8-58 3:64 Searabin + + - 271 36 34°34 
Monachy " | 86 51 4°75) 33 | 10-99} 0-30] Bin of Cullen” - 304. 13 29-71 
Foinnohl [ss 3 97 42 21°30 16 1423+) I-15 Findlay Seat. - 316 3 30-17 

‘ashy ein + |.125 42 7:95/ § | 5-60! 1-86] Duke of Suther-|- 
Ben Wo " * 9} 142 1 38-22 | 20 | 10-92) 0-57] land’s Monument} 319 38 0-50 
| Ben ‘Huse j 149 54 17:98| 6] 8-56] 3:02} Buck - + - -|320 17 3-91 
Witt The. " *' 1170 25 45-44] 34 | 14-04] 0-56] Ben Lundie - -| 321 33 2-76 
Wart Hill. ° *) 214 14 27-50] 3 | 7-40} 6-25} Corryhabbie - + | 323 24 41°65 
IW Hoy «| 219 35 36-56] 7 9:44.| 2-54] Ben Macdui - -{ 340 49 41-45 


Oo Hw 
“NTO oc Bb CO ANAAL AN 
a 
Oo 
a 
bet 
Co 
© 


ho 


' A correction of + 38+ 48 to be applied to this bearing, to reduce it to the new Station. | 


BEN HEYNISH. 


3-ft. Theodolite, B.o. 
Prom and to is October 1822. Observers: Captains Dawson and Vetcu, R.E. 








; , Recip. . 
Bearings, : of Objects. 


a bs, Weight. 


Ben if is 
en fore, 8 149 50 0:84 o-51 | Ben More in Mull 273 5 2°18 
Storr.” Uist | 165 56 19-88 o-47{Jura + + + + {316 46 38-20 
Ben Ne " +1200 42 52-46 6-05 | Ben Tartevil - - | 339 38 12:05 
Vis . ° 251 18 47 90 : Bios 


Objects, 


BEN HUTIG. 


iB } - 3-ft. Theodolite, B.o. : 
fom 11th July to 17th August 1838. Observers: Major-Gen. ConBy, Lieut. Col. Rose, and 
Lieut. Roprnson, R.E. 


























Objects, : No. Recip. No. Recip. 
: Dethcdiceeeceact Bearings. a Range. Weight Objects. . Bearings, | a Range. Weight. 
| Ben Wyvis : Set dt “i. . / “ 26 
Ben Hone "| 2 19 38-89} 3] 6-691 5-61} Wart Hill Hoy - 239 40 30: 92| Il | 1o-25| I 3° 
Foinnebhej " "1 19 50 9:65) 7] 6-84| 1-38} South Ronaldshay | 253 33 25°56, 6 | 4:88 ae 
| Fashven oe “Bi Se er 8: "171 41 3:08) o-6o0] Dunnet Head -| 258 18 17-93; 12 10-78 | I-4 
Cnoe. -chiub] "| 93 14 49°54] 6 | 20-03] 12-65] Ben Cheilt + +} 290 39 32° 96) 13 | 5°25 oe 
| North Ro hal »| 97 56 16-521 1.4] 3-79] 0-92] Scarabin - + -| 303 56 51-08/ 4 4:06 | 1°29 | 
a win send ee 44 23-76] 4] 4-51| 1-28| Ben Clibrig - -| 350 20 33-48] 10 | 877) 1°74] 
aa 45750] 5 | O-4r| rg | | 


80 


PRINCIPAL TRIANGULATION. 


BEN LAWERS. 
3-ft. Lheodolite, B.o. 


From 12th October to 17th November 1850. Observer: Corp. Jenxrns, R.S.M. 














San SR MEET eA Ey AER Ege, ee 
#5 2 ee ETM Be By cea et aT ee ry 
i - wbdie 


Vo. Recip. No. Recip. 
Objects. Bearings, of | Range. 0 Objects. Bearings. of | Range. of | 
bs. Weight. Obs. Weight. 
oO ¢ 4a “ls oO ¢ &l “ 

[Merrick + « 5 46 14-67) 16 | 2-72] 0-06) Largo Law + + | 292 52 54:37} 24 | 4:90| 0-17 
| Hill of Stake . 22 86 28-65 | 23 | 6-88| 0-28] Ikast Lomond 298 13 15-48] 17 | 7-03} 0:35 
Goat Fell» + «| 30 58 20.81] 14 | 4:85 | 0-24] West Lomond 299 55 24°57) 15 | 5:80] 0-31 
Ben Lomond+ «| 32 59 47-29| 34] 6-34] 9-12 Sayrs Law 308 16 47:99] 16 | 3-27] o-10 
Jura + + + ef om er 99-38 | 22 | 5:97) 0-26] Allarmoor -1 319 59 29°37} 18 | 4°58] o-14 ‘ 
Ben More in Mull 83 51 24°12 | 22 | 6-97] 0-20 Carnethy Cairn - | 322 36 16:09} 41 3:02) a-59 
| Ben Nevis 120 39 3:03} 42 | 6-20; 0-08] Ben Cleugh - 324 54 22-33/ 31 | 5:02) 0-07 
Mamsuil 146 34 10°51 | 26 | 4-29, o-11| Hart Fell . 337 39 45°05} 12 | 2:20] 0-08 
Ben Ambhlair - 153 34 10°39) 260 | 4:23; 0-12] Tinto - 341 39 15-31] 6 ‘O4] O55 
Ben Macdui - 209 43 24°94} 40 | 6-93} o-10} Bin of Campsie -| 355 5 56°71] 31 | 6 O-1l 
Glashmeal- 234.40 8-80} 41 | 7-19] 0-09 | Corkmulaw 356 40 38-61 | 36 0:09 
Craigowl - 269 16 0:29) 35 | 637] O11 





BEN LOMOND. 
3-ft. Theodolite, .o. 


From roth to 19th August 1818. Observers: Major-Gen. CoLny and Mr. GARDNER. 














; No. Recip. No. Recip. 
Objects, Bearings, of | Range of | Objects. Bearings. of | Range. of 
s Weight. Obs. Weight. 
° ‘ow “ oO ¢ Ut “ 
Brown Carrick 3 18 52-81] 3 1-341 0-23 | East Lomond 265 37 47:°83| 11 | 5:66) 0-64 
Hill of Stake» +| Ir I 47-10| 13 | 8-18] 0-80} Ben Cleugh 270 I1 16:06! 26 | 6-84) 0-16 
Goat Fell- + +] 29 18 41-60} 41] 5.83} 2-37] Calton Hill 285 34 57-62| 4 | 3-741 1-46 
Ben Tuire . 8 40 29 20-66 6 7+4O 2°43 Allarmoor- + 290 55 4:83 4 3°87 0°47 
Knocklayd + +] 42 19 7:32) 31 1-46| 0-27] Bin of Campsie - | 302 22 59-85] 30 | 6-36] o-rFO : 
Jura + + «© «| Jo 0 37-61) 4] 4-83} 1-63] Dunrich -| 306 36 53°11} 4 3-00] 0-72 
Ben More in Mull | 107 33 54:39] 61] 6-25] 1-62} Corkmulaw 306 40 28-15} 9 | 7-33] 1-19 
Creachbheinn - 135 37 21:03} 3] 2-471 ool] Tinto «+ -« « «|317 16 30-11] 5 | 2-53] 0-28 : 
Ben Nevis aoe I6I 29 0:99] .5 I-tIg| o-gi| Hart Pell - «© +1317 55 15°34) 3} I-Ql| o-4i 
Ben Ambhilair - 188 24 21-86] 4] 5-9g0| 2-85|Cairnsmuir on 
Ben Lawers + +] 212 38 39-85] 6| 3-371 og] Deugh + + +1345 35 39°18} 41] 2-19] 0-30 


a ttn nr a 


BEN LUNDIE. 
3-ft. Theodolite, B.o. 
From 25th to 28th September 1819. Observers: Major-Gen. Conny and Capt. Dawson, R.E. 


* SSE PE TS I IE I EA A I ST AE SD one 


Objects, 


Ben Wyvis 
Cairn Cruniach - 
Cuinnag 


Ben Chibrig - 


© / ff 
37 22 42-71 
42 35 0-42 


57 I 21-10 


113 19 10-83 


I4I 51 38-94 


Recip. 
of 


Cc. 
Weight. 


Objects. 


Bin of Cullen 
Knock - 

Balnaskerrish - 
Corryhabbie . 
Dornoch Spire 


; No. 
Bearings, of 
Obs. 


296 58. 28-48 
300 22 47-68 
318 9 15-42 
324 27 19-66 
355 27 18-38 








~ OBSERVATIONS. 81 


BEN MACDUI 
3-ft. Theodolite, n.s. 
From 6th June to 16th August 1847. Observer: Corp. Winzer, R.S.M. 









































Objects ; ne Recip. ‘ ae Hee 
, Bearings, of | Range. | _ of Objects. sarings. of | Range of 
ee ee ee Obs. Weight. bs. Veight. 
6 i ‘i fd oO / 4l di 
es peugh * +) 3 36 17-88) 20] 5-55) 0-23] Ben Cheilt + +| 186 57 14:99| 19 | 5:60| 0-21 
fe MAS , 30 10 26-15| 41 | 7-23} 0-13] Findlay Seat + -| 204 16 29-18] 11 | O-4o| 0°72 
Bon outa , 59 48 10-02 | 2 5-48 | o-18| Bin of Cullen +} 215 31 1-35) 6 | I-69] O-14 
Ma. CviS_ 70 © 26:92} 39 | 7:66; o-12|Corryhabbie + +] 222 53 12-34} 21 | 6-47) 0°27 
amsuil -|105 29 31-40] 10 | 4:49] 0-29] Buck - ©1239 47 27-61} 14] 8-08] 0-55 
| Scournalapich | 112 11 


I 38-12| 35 | 6-45| o5| Dudwick «+ + +1247 9 35:91} 14] 5:68) 0-24 
Ban Vyvis - +1141 26 40-59] 16 | 4:93| 0-28] Caerlock + + +|277 29 6:28| 14 | 6-98] 0°43 
hia Clibrig + +} 161 27 15-88] 19 | 9-32} 0-60] Mount Battock + | 283 4 39-20! 44 | 9-62] 0-16 
Bal, Lundie 167 43 18-17 16 4°18 0-19 Glashmeal- - + 320 65 23°60 23 4°19 | Od! 
aaa rete aoe | 3:68} 0-93) Largo Law + +| 333 36 26-41} 2] 2-67| 1-78 
Sos * e ef IO2 2 


2 215-99] 19 | 3-17] o-t1|Sayrs Law + +| 335 15 29-91) 15 | 6-80] 0°57 


BEN MORE, MULL. 
3-ft. Theodolite, 3.0. 
From 18th to 24th September 1822. Observers: Captains Dawson and Veron, R.E. 
No. Recip. 


Bearings. of | Range. of Objects. Bearings. 
Obs. Weight. 


Objects, 


AAO ‘Soecestnenge 
ee 


Oa . 


0 é fi 
Ben Tartevil . 


/ fd 

37-80 0-88 | Ben Lawers + -| 262 21 12-09 
1-72 0-37 | Ben Lomond - +] 286 24 57-96 

0-61} Goat Fell. - +| 329 42°28-99 

Ben Tuire + + | 343 31 40°47 


en Heynish. . 28-62 : 
- More, S. Uist 28-69 : 1+50 
Cron as 39°22 0-22] Carnna Leach -/353 8 21: 
reachbheinn —. Abbe o-60|/Jura + + + +} 359 23 32°82 
3°35 "40 } 1-36 


en Nevis 





BEN MORE, SOUTH UIST. 
3-ft. Theodolite, B.o. 
From sth June to 29th August 1851. Observer: Corp. Jenkins, R.5.M. 


No Recip. No. Recip. 


Objects, : : - : Bearings. of | Range. of 
Bearings. as . Range. Ee re " Objects. earings an Weight. 


OS een, 
AT A Scie 


























eee aia 





os : Oo 4 4 | 
i . 199 57 50-17 2| 3-87] 0-04] Creachbheinn + | 300 13 28-05] 17, 4:98 seed 
Scour 1 "+ +1247 3 43°54) 46 | 5-37] 0-08} Referring-object - | 305 41 44-45 | 34 et ae 
igaae - | 263 50 18-08| 27 | 5-23| o-12| Ben Morcin Mull; 319 22 13-80} 29 32 ae 
} elms YH. 268 3 12-83} 19 | 5-41| o-22}dura + + + +| 331 45 6-78 | 14 oe see 
en N ae 287 16 30-89] 17 | 4:71} 0-24] Ben Heynish+ + | 345 37 43:61 | 45 “4, 
. os 289 Ig 22-471 15 7624 0-52 


L 


ST Sa SS EN. 


82 PRINCIPAL TRIANGULATION. | | 


BENCORR. 
3-ft. Theodolite, B.0. 

















See. eh kde Com se July to 31st August 1830. Observer: Capt. Peano: R.E. 

No. Rees 0. Recip. 
Objects. Bearings. of | Range. | of Objects, Bearings. of | Range of 
_ ee | Obs: Wei eight, : Obs. Weight. : 
ee, ul oO ¢ 4 ° “ 
Baurtregaum. . It 3: 98 6 "79 | 221 Knockalongy : 221 9g 30°66) -2| 4-44] 4°92) 
Brandon. . 12 38 49:98) 5 . 2°45} Keeper . . 308 44 41-66| 13] 8-92] 0-84) ‘ 

Slieve More . °8 310 53 48: “13 20 8-192 0-39 


162 39 3°07 
197 7 35°00| 5 
206 10 36-40 T5 j 11 


334 36 0-281 18; 8-77} 0-68 
- 1353 25 46-20} -3 | 2-41 


0-09 | Slievecallan 
0:86 | Knockanore . 


The Reek . 


7 
7°44 
4:22 | O50] Slievecarran . 
I-12 
Nephin . I 77 





BEN NEVIS. 
; 3-ft. Theodolite, n.s. 
From 1st Aust to 14th November ree Observer: Corp. Lil R.S.M. 


nS eet Rech MR ir ob Raha ha AN aya ale amt TH ets S ee 


Objects.. Bearings, Objects. Bearings. 

c. 4 oO ¢ & 
Tura. 32°16 10-63 | Scournalapich 176 57 15°22 
, Ben More i in Mull (56 4I 57-25 Ben Wyvis 194. 26 41-61 
Creachbheinn 62 46 13°65 Corryhabbie - 240 Q 13:00 
‘| Ben Heynish - 72 55 15°04 1 Ben Macdui - 248 53 44:10 
| Referring-object -| 81 52 46-07 Ben Amhlnir- -| 266 29 31-38 
| Ben More, 8. ve III 14 50-35 Ben Lawers - 299 59 31°59 
Ielms Hill - 113 48 43-16 } Ben Cleugh BZII 1g 5°44. 
| Storr . + - 138 25 45:76 Ben Lomond - 341 10 43:04 


‘| Mamsuil . 172 30 10-01 





BEN TARTEVIL. 


3-ft. Theodolite, B.o. 
Observers: Captains Vercu and Dawson, R.E. 


From 17th July to and August 1822. : Cap 
7 . ss wor oe . z . a ITE PIE TES LT I I I GSE TTI : e 
| No. Recip. 7 : . ip. 
Objects. Bearings. of | Range. of Objects. Bearings. F 
| Obs. Weight. Obs Weight. 





laine cael 








Slieve Snaght -| 44 3 58-65) 6] 6-98] 2-01 
Ben Heynish - 160 2 5:73} 9g | 3:92! 0-29 
Ben More in Mull} 198 48 39-51} 14 | 7-39| 0-80 
Creachbheinn in 


Mull 205 37 37-10} 41 4°67] 1-48 





Jura 


Carn na Teich . 
Oa or Cairnard 
Trostan 

} Knocklayd 


a OS i, A | A. 


234. 19. 29-88 
317 20 48-58 
317 5% 44-00 
346 17 25-44 
348 53 59°14 


O13 


0°54 | 


0:25 
1°59 


0-34. 








-- OBSERVATIONS. ---- 83 


fas, iy eh ota te ete a gts . BEN WY VIS. 2 ' 


3-ft. Theodolité, Boo 
From 8th to 12th September 1819. Observers: Major-Gen. Cony, Lt:-Col. Rony, and Capt. Dawson, R.E. 









“On; No. Recip. Ce 8 Nos] - -Recip. - 
jects. Bearings, ot | Range. of Objects, Bearings. of | Range. of 
Obs. Weight. Obs.| —._— | Weight. 
Sceaeearamteiipanasesabisipcing soseinlsmemipieaiomenimainiayonivas | ides ines =e | reaps ummipnsiin | sigusomg-sietisiimsateion’s Oe ee aR ee a ee - aD 
* ©) / fd ‘ Ml . 6 / il if 
tie ait 14 47 45:67 9:69 | 5:97 | Balnaskerrish + | 247 14 22-90 5:99 | 4:03 
amsul 36 24 44:61 ‘ 


6 
ee ay Bin of Cullen -|270 8 92-86] 
Scournalapich’ . (40 3 26-95 4 32 
Suilbheinn * +1146 I 36-20 
binnag © - 8 9/155 10 4°34 
Ben Hutig «© «| 182 16 15.23 | 
| Ben Clibrig .. -/ 189 3 4-63 
Scarabin . . 223 4% 17-47 


3 
3 
1} 0-32] Knock- - + +1274 49 51-43] 3 
-50| 0-31] Findlay Seat - -|277 25 48-39] 21] o-7o] o-12 
-54| 1-66} Corryhabbie - -|293 36 17-61] 6 
791. 3:59] Ben Macdui + -| 320 4a 42-90| 7 
7-83 | x-08{ Ben. Amblair- -| 355.51 12:04] 5 


8S cobtsUiGm wh 








1 A correction of + 1/ 0”*s4 to be applied to this bearing, to reduce it to the now station. 


BERKHAMPSTEAD. 
: — * * 3-ft. Theodélite, B.0. 
September 1823. Observers: Captains Vercu and Drummonp, R.E. 






- . a No. Recip 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range. of 
nee S[k es ee eee OS ~ | Weight. 7 mp ese = Obs. to Weight. 








ed) ey 








> aor hes oe 3 ce pe 8 


Leith Hill T °o / Mt ff a 0 / df Mf 

ower; 14 55 45°83| I1 | 12:50| 1-68|Chingford« + +| 327 24 25-29| 21 | 7-4o] O-1Q 
Dunstable _* #1113 2 37:-76{ 16 | 4:63} 0-16] Wrotham Staff -| 329 39 56-11] 41] 3-44] 0-98 
phaxted Spire .|235 28 15-26| 3 | 6-62} 4-87] Severndroog - -| 338 14 49-47] 5 | 6-49| 2-01 
Tigh Beach - «- 312 26 58-02} 10; 6:03} 0-51] St..Paul’ss-+- +1356 3 :60}-5 | 7-31} 3:02 


BERYL. 
| 3-ft. Theodolite, B.o. Oo 
From 28th May to 3rd June 1808. Observer: Major-Gen. Cousy, R.E. 


ee | No. | Recip. No. 7 Recip. 
Objects, Bearings. ; of | Range. of | - Objects. Bearings. of | Range. | of 
| . | Obs. Weight. Obs. Weight. 





Black Comb. . 158 g 14°39 rare 2| 6-29|Billinge . - - 329 42 25-44 3} 4°61} 3°02] 
Ivington 7 + | 306 21 7-52 1 | - | I441}Go Hill +» + +} 344 6 52-63) -4} 4°51] 2-10) 


BESSY BELL. 
3-ft. Theodolite, B.o. 
_ From 22nd May to 16th June 1827. Observer: Lieut. Portiocr, R.E. 


‘ No. Recip. 3 - | | No. | Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. . of | Range. of 
- : Obs. Weight. Obs. Weight. 











eens 
ae ED) PCE 


acca Or meee ep ae 
TSE 








ee es 


ae 





oe Be Ny eh ee 
Cuilerasgh . . 26 46° 52%23 17 20-15 a-60|Sawel - + +» «| 236-41 41-39 36 6621 o-t4 


Breesy. 66 : ‘eve Gallion -|262 31 8-50 4:69 | . 0:45 
2 + +1 66 35 35-34} 9 | 12-45| 3-10] Slieve Gallion + | 262 3 BO | Ol a8 aie 

BarnesmoreConnell 97 8 oe 14 50 0-62 | Mullaghcarn + +| 275 46 37°74 6 a7F ee 
Slieve Snaght °.|.183 53 40-09 | 18 10-26 | 0-57 | Slieve Donard »+|299 50 38:87] “r] — ‘| 1451 


L 2 


84 PRINCIPAL TRIANGULATION. 


BESSY BELL—continued, 











Recip. ; No. Recip, 
of Objects. Bearings, of | Range. 0 
Weight. Obs. 


f 
Weight. 


- 0, 
Objects, Bearings. Range. 
b * 


Vicar’s Carn + - 309 27 46-18 8 10-99 2-96 Shantavny 2 «| 31 5 47 48°43 9: 33 O: 38 
Slieve Gullion + | 314 43 57-15] 2] I-44} O-5t | Mullyash . « ~| 320 5 19-84 II-00 | 3-88 
| Armagh Breagh «| 314 45 46-95| 2 | 0-82| 0-16] Carnmore. . . | 35° 18 8-95 4:07 | 0-21 


BILLINGE. 
3-ft. Theodolite, B.o. 
From 15th to 21st June 1807. Observer: Major-Gen, Couny, R.E. 








No. Recip 
Objects. Bearings, Objects. Bearings. of | Range. of 
Obs. Weight. 





ED | CL I | SL | SRST Nee Cee SE ed Cened Died eel 


Go Hill «+ . iad gf 33°48 13.| 7-71| O70 





fi 
Cyrn-y-Brains +} 30 29 57°39 







3 
Heswell Hill- +] 53 3 15:27) 3 5.04] Rivington. + +! 2924 13 46-87] 15 | 7-23] 0-58 
Everton Flagstaff | 61 29 35-32} 3 | 4:61| 2-87] Mowcopt - - + | 322 14 58-07/ 5 | 4:03| 0-87 
Snowdon + + +| 62 14 30:04; I] — | 18-46] Bellefield - - + 332 10 49-66| 5 | 2:58} oO-41 
Great Ormes Flead 76 4 1:90 2, OTF} 0-13 Delamere, Old! - | 356 16 8-021] IO 9°17 1-69 


1 A correction of + 3”.05 to be applied to this bearing to reduce it to the new station. 


BIN OF CAMPSIE. 


3-ft. Theodolite, B.o. 


From 2nd to 7th August 1818. Observers: Major-Gen. Couny and Mr. GARDNER. 
a ee eae Aen ae Sei RS AAI PARISI ly Da EI EOI Ne MS Le ER eC ee ACE ee ee 


























; No. Recip. No. Recip. 
Objects. Bearings, of | Range. of : Objects. Bearings. of | Range. of 
Obs. Weight. Obs, Weight. 
: ; o of 4 | “ o of 4 “ 
Cairnsmuir on | Ben Cleugh - +1} 230 10 35°1 6] 14 5°AQ | 0-25 


Deugh + + +| 3 10 54-04] 4 |. 1-67] 0-22} Calton Hill + + | 275 53 26°14) 4) 3:15] 0-79] 
Brown Carrick +} 28 19 17-89/ 3] 3-55| 1-43} Allarmoor + +) 284 11 14-49| 11 | 6-91] 0-61 
Corkmulaw " + | 33 28 3-42) 4 0:57| 0-02] Dunrich + + +/ 309 1 7°87) 4) 2931 O47 
Whill of Stake. + | 62 15 agea 5 | 4:83] 1-10] Hart Fell» + + | 325 11 3°98} 3 | 3-83} 1-87 
Ben Lomond: -| 122 47 53-47) 8 3-09] 0-28] Tinto - + + +|327 22 25:98] 9 | 4-89] o-4s 
Ben Lawers + +/175 9 48-33! 7 | 4-95| 0-82 





BIN OF CULLEN. 


3-ft. Theodolite, B.o. 
From 18th to 21st August, 1814. Observers: Major-Gen. Cotpy and Mr. Garpyer, 


No Recip. No. Reeip. 


Objects. Bearings. of | Ran £e. of Objects. Bearings, of | Range. of 
Obs. Weight. Obs, Weight. | 


c- ES | i i a | sae v En, 














=e 











Buck «© «© ¢ ° § 1 26.68] 8 4-59 0-47} Balnaskerrish  - 110 34 1-23 a 463 0-56 
Vindlay Seat + +} 66 24 22-11} 19 | 4:07| O13 Ben Lundie © 61117 58 6:23] 8] 2.06! o-12 
Ben Wyvis + +| 91 34 39-35) 7 | I-91} o-12| Ben Cheilt + +|157 56 32-33] 5 | 3-39] 0-56 





Se NEI ma an cay, 


wo 2 eee Te ge ES ately " 





OBSERVATIONS. 85 


BIN OF CULLEN—continued. 


: . No. Recip, | 
Objects. Bearings, of | Range. | of Objects, Bearings. 
Obs. 


Weight. 


Stole 
ite ewe | CEES — moe 


Cowhythe. . . 260 56 58-76 . 1-09} Manor Lee -+ - 296 a7 52-65 
Parmonth: 4: = la77 33-90:68 67| 5:31 Dudwick + + +| 297 12 19-38 
Alva « . >| 282 3 4:08 . 3°31 Knock- + °1 327 5 18-54 





BLACK COMB. 
2-ft. Theodolite. 
From 31st August to 29th October 1841. Observer: Licut. Da Cosra, R.E. 




















ee ae a Oe acne ee ee ee ee See Ce een is ae ee ee, aS ea 
No. Recip. No. Recip 

Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 

Obs. Weight S. Weight 

| 0 / “/ ; fé °o / 4/ 4d 
Snowdon - + -| 20 46 45:-34| 5 | 8-13] 4-41] Dent Hill. + +| 159 23 6-89 | 11 | 14-48| 2-66 
South Bernle. .| 82 4222-61 | 10 | 6-76| 0-83] Criffel- - + +©|165 49 5:89; 8 | g-44] 2:79 
Snea Fell. . «| go 56 40-86} 9 | 8-75| 1-94] ScaFell » + +/ 199 9 18-04} 10] 11-09} 2:28 
North Berule. -| 93 24 58-62} 8 | 9-19] 2-21| Little Whernside | 272 47 13-12] 13 | 8-69] 1-29 
Cairnsmuir of Fleet I4I 4 37:06} 2} 6-36) 10-11} Ingleboro’- + .+|279 7 41°59] IT | 12-41] 3:05 
} Merrick + 6 +/143 38 30-78) 1 — | 22-10} Pendle Hill - -| 302 17 49-00] 1 — | 22-10) 
Ben Cairn + -|15r 3 28-87] 5§ | 8-46} 3-33] Whittle Hill. -|312 54 35-48! 2 | 2-72] 1-84 
|CairnsmuironDeugh 153 14 10-25| 3 | 3:78{ 2-01] Beryl - + + +| 337 54 38:61} 7} 9-98) 3-00 
BLACKDOWN. 


3-ft. Theodolite, 3.0. 
From 3rd November 1848 to 6th March 1849. Observer: Serg. DONELAY, RSM, 


Mee en EERE ree 
No. Recip. No. Recip, 
Objects. Bearings. of | Range. of Objects. Bearings, of { Range. of 
Obs Weight. Obs. Weight. 





eae mestemmemeieey cineneetsemenatenntememnemieasmyense | easuntiaehe eSSi=yS=yS wea > | rere | Cece eteees | eee eee EE ES | SS AS |S LL 


te] / ‘ 4} 
Barrow Hill « +] 58 20 41-98] 22 | 8-22] 0-32] Bull Barrow + +|222 2 32-87! 20 | 10-99] 0°55 
Purland . « . 63 58 43°99] 20 | 5:27] o-17]} Horton’s Gazebo: ; 244 56 25-96) 3} 3:17; T:14 
Ryder’s Hill - +} 78 34 21-30] 8 | 6-73] 1-24 Nodes Beacon' 271 24 28-53) 13 | 2°55] 0°07 
Little Haldon +-{ 79 30 37:05| 12 | 3:25} 0-16] Motteston - 271 39 26-84] 12 | 5:40] 0°37 
High Wilhays -| go 28 20-48{ 21 | 4:06! 0-11] Dunnose + 274 2 2086/25 | 5-47] Ort 
Golden Cape. -| 101 5t 5-471 5 | §-43| 1-31|Coringdon + + | 278 47 35-84] 13 | 4:03} 0°26 
Dumpdon - 6 «{II0 g 28-12] 10 | 2-32] 0-09 | Swyre Barrow 285 27 57-76, 18 | 521} O22 
Pillesdon » « 123 45 6-19] 11 | 4:96] 0-44] Referring-object - | 316 31 58-96 |235 | 6-81 | O-0t 
Minten . . . 190 37 11-53] 20} 3-82] 0-08] Vern + + + +1329 28 39-19} 18 7°78 | 0-46 
ae nae ee oe eT: ee | TR SOUR RIENEIINIEET ONE ARUNVemrevemmres Meee ereee ee 


1 A correction of — 27"*91 to be applied to this bearing, to reduce it to the trigonometrical station. | 











86 PRINCIPAL TRIANGULATION. 


' BLACK HAMBLETON, 
3-ft. Theodolite, rs. | 2 
From 4th October to 1st December 1851. Observer: Corp. Grose, R.S.M. 

















; No. ; Recip.. : a No. Recip, 
Objects. Bearings. of _ Range. of Objects. Bearings. of | Range. of 
Obs. | Weight. Weight. 
| PY 





ERE (PEEL CE CE TI ES | 














' 

‘ 
a 

t 





LR SNE OR RNAS 
| Po 
| “ 


| 
o of & “ : ; o f 4 
41 55 6-20 | 6-84 o-19| Collier Law . -|138 O 7-64, -8 3-23 | 0-48 
2°10 | 





Great Whernside 


Water Crag. - 





104 51 54°16] 5 | 0-23 | Botton Head. + | 223 47 26-18, 11 | 6-42} 0-63. 
Cross Fell - -! 119 20 12-98} 12 | 6:95, 0-60 Saltergate Brow - | 264.55 O12 ° 3 | 0861" 6-10 


a a a ee ee 
BLACKHEDDON. 


3-ft. Theodolite, ns. 
From 23rd January to 2nd March 1846. Observer: Corp. Winzer, R.S.M. 




















: No. Recip. No. Recip. 
Objects Bearings, of | Range. of Objects. Bearings, of | Range. | of © 
Obs. Weight. Obs, Weight, 














Cheviot + + -| 37 39 10.55 5-08| o-12| Lumsden - + -| 149 57 58-11] 19 | 5:05/ o-t4 


.@) 
Dunrich - . . 85 1I 34-01 | 5 2-18 0:24 Mordington » © | 154 43 54°27 13 ; 2°19 0-08 
Sayrs Law + ./ 1316 48 33-68 | 29 a 


Ps 





5:16] Ol4 





BLUE HILL. 
3-ft. Theodolite, B.o. 


From 13th to ast J uly 1814. Observer: Mr. GARDNER. 































No, | Recip. | No. | Recip. 
Objects. Bearings. of | Range: of | .  Qbjects. Bearings. ' of : Range. of 
Obs. | Weight. | Obs. Weight. 
Oo f dl | fi | ° é fi fé 
Caerlock - + .; 61 2 12-06 15 6:53 | Ogi Mormonth .« - 185 40 7°44; 31 2°94 1-08 | 
Mount Battock - 66 49 27°16 i 9g 4°73 | 0:46 Dudwick - - -|188 13 33-18 Il $-02 0-92 
jBuck - + + +! 113 16 12-42 | 7 |. 4-711 o-e4| Little Stirling -| 204 57 13°84! 4 | 1-84] 0-28 


BONIFACE DOWN. 


18-in. Theodolite. 
28th and 29th July 1846. Observer: Corp. STEEL, R.S.M. 


; No. Recip. ; No. Recip. 
Objects. Bearings, of { Range. of Objects. Bearings. of | Range. of 
Obs, Weight. Obs, Weight. 




















a 
Ee 
— ee 
{ 


a5 53 51:85 8 | 18-10 9°81 | Shanklin Down - 162, 53. 15-31 4 10:98 10-48 
76 30 33:31) 8 | 27-62|17-97| Dunnose + - -+| 183.40 15-58) 8 | 20-84 8-69 
77-59 2%75{ 6} 9-68! 3-53| Boniface SS. E. + | 324 45 4:14) 8 | 14-32) 6-08 
106 25 12-01] 8] 16-90} 7-24 | 


| Littletown Down 
Week Down - 
| Wroxall Down 
Nodes Beacon! 





a Lt * 


—eeee 


1 A correction of + 1/ 21"*60 to be applied to this bearing, to reduce it to the trigonometrical station. 








2 a PE ee AEP dete ei 





OBSERVATIONS. 87 


BONIFACKH, 8.E. 
18-in. Theodolite. 
goth J uly 1846. Observer: Corp. STEEL, R.S.M. 











. No. a Recip. No. 
Objects. Bearings, of | Range. of Objects, Bearings. of | Range. of 
Obs. | - Weight. Obs. eight. 











eee 








et eee, ee 
ertewenene | eee 





ne see | oe 


Littletown Down 48 3 47-08 6 12-08 6-o1 | Nodes Beacon! .- 106. 39 I BAT 6 10-87 4°24 
Week Down. . 79 44 53°64} 6 | 3:82} 0-66] Boniface Down -| 144 44 54°87| 6 | 15-16] 11-14 
Wroxall Down . QO 52 31°47| 6 | 29-84 | 32-31 | High Port Cliff -| 329 37 51-08| 6112-78] 9-82 


ek - 


1 A correction of + 1’ 21°20 to be added to this bearing, to reduce it to the trigonometrical station. 
Dicer EO nT ELE ae Te a ee Re SE 
BOSTON CHURCH TOWER. 
18-in. Theodolite. 

From 16th July to rath October 1842. Observer: Corp. STEEL, R.S.M. 




















a -.  . | Nod. ... | Reeip. hae ees ; No. Recip 
Objects, Bearings. of | Range. of Objects, Bearings. of | Range. of 
- Obs. |. Weight. Obs. Weight. 
: oO f¢ & 1 : o ¢ «4 
Naston Tower +| 40 13 37-58] 101 2-83] 2-21] Swaffham Spire?-| 307 1 15-02} 21] 2:83! 0-47 
| Buckminster - +| 66 I9 22-23| 13 | 10-56! 3-04} Lynn Tower’. -| 311 17 26-88) 2] 4:34] 0-32 
Lincoln Minster’. | 129 58 21-81 | 21 | 12-64} 0-95 | Walpole,St.Peter’s a8 51 0-87} 8 | 6-85) 0-92 


Docking Tower -| 280 54 0-97] 7 |12-26| 6-14 


VA correction of -F 9"°607 to beappliéd to this béaring, to reduce it to the trigonometrical station. 
-2 A correction of — 107°26 7 x - 
3 A correction of + 0°82 45 ‘5 ” 


re SS ns so es slr spss se SSS RAG 
 BOTTON HEAD. 
3-ft. Theodolite, R.s. 
From 13th October to 27th November 1840. Observers: Lieuts. Prron and Coiiinson, R.I. 
: No. 
of Objects. Bearings. - 


Weight. hae 


Recip. 
Weight. | 





Range. 





' Objects. _ Bearings. . of Range. 
| 

















5°78 | 1-21] Brandon Down - | 135 36 54: 74) 6 67{ 1-48 
Great Whernside- | 65 41 13: sie I 6-44 0-36] Wordeslow - +|156 9 2-57} 4 79 | 3°99 
Little Whernside 74 28 34° 13 | 5°49! 7°53 Easineton!' . .! gar 46 55° -28 7 TO 
8 4% 
I 
3 


Black Hambleton | 43 55 14:03! 7 
7 
2 
Water Crag + +| 93 20 35:6 67 6 | 6-64! 1-30] Saltergate Brow - | 286 55 48-76 
3 
7 


0-45 
g:20 
8°79 


Cross Fell- IIO 35 30°25 | 0-93! o-10} Acklam Wold - | 333 31 15: 73 ~ 3°49 
33 ; 


Collier Law 125 33 41: 52 | 551 | 0-73 | York Minster- + | 359 42 32:98 








1 A correction of — 15"°09 to be applied to this bearing, to reduce it to the trimonometrical station 


28 PRINCIPAL T'RIANGULATION, 


BRANDON. 


12-in. Theodolite. 


From 3rd to 10th June 1840. Observer: Mr. Finacmrry, 























No. Recip. ; : No. Recip. 
Objects, Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
fe) ‘ou au o Uf 


Loop Head Light- Baurtregaum+ + | 275 58 429 6 15:89 8-46 


house + « .Jarr 2 20-97] 6 | 15°54} 9:00] Knocknadober -| 348 34 48-24] 5 | 14-64 | 13-06 


af 





BRANDON. 
2-ft, Theodolite. 
From 19th January to 12th March 1845. Observer: Corp. Bay, R.S.M. 





: No. Recip, | No. Recip 
*” Objects. Bearings. of | Range, of Objects. Bearings. of { Range. of 
Ohs, Weight. bs, Weight. 


























° / fi 
o-#3 | Swaffham Spire’- | 189 49 30°92] 9 | 5°63} 0-52 
0-95 | Hingham Church 
Tower + + +!231 40 54-48] 9 | 12-33] 3-45 


/ fi 
Newmarket + - 36 24. 43°76| 81 5.79 
6-93 
7} 9-81] Bunwell Church 
m1 


Tharfield - - «| 46 18 8-16] 11 
} Cambridge Obser- 


7 

2 

vatorylieliostat? | 59 29 29-80) Ir | 4.0 
Ely Minster - 88 16 26-66] 16 | 7-74! 0.66] Tower > + +) 254 25 23°66] 8] 7-15] o-92 
Peterborough Tr. | 107 56 52-27| 1 — |z1-03| South Lopham -/ 272 23 7:29] 10 8-26} 1-19 
Referring-object - | 126 15 30:04] 62 | 6-99] o-10} Lawshall Tower - | 345 50 17-35} 17 | 8-07} 0-45 





l A correction of -+- 11°69 to be applied to this bearing, to reduce it to the trigonometrical station. 
2 A correction of + 217'92 


33 23 33 





BRANDON DOWN. 
3-ft. Theodolite, n.s. 
From 6th September to 31st October 1853. Observer: Corp. Grose, R.S.M. 









































No. Recip. : No, Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. bs. Weight. 
7 oO ¢ 4 “ o 4 4 “ 
Great Whernside | 17 33 21-12] 5 | 3:03} 0-43 | Durham Observa- 
Water Crag + +} 38 28 1-31] 11 | 7-35] 0-81] tory Dome- +|256 I 33°39} 2] 4:90] 6-00 
Collier Law + +| 95 27 35-451 10 | 5-53| 0-86] Easington. - -|29% 3 2°83] 2] 0-92] o27 
Pontop Pike - +|155 44 58-80! 12 | 6-45| 0-55] Burleigh Moor -/296 10 39-88} 8 | 2-77] 0-18 
Wordeslow + -|237 8 15:88] 10] 6-54 0o-g1} Botton Hlead+ +; 315 7 51-95] 1 4°51] Odd 


6) 
} Durham Observa- Merrington Church | 327 59 28-56) 6} 7-57] 92.16 
tory (Mark on} | 256 0-41-40] 2] 1-94] 0-94] Appleton Wiske + | 329 44 41-76, 8 | 2-22] 0-16 

Black Hambleton | 330 44 44:34] 8 | 5-74] 0-96 


eae nh ee ae 


Aca ae apelin ee uate 


— 


OBSERVATIONS. 89 


BRASSA. 


3-ft. Theodolite, 3.0. 
From 25th to 29th August 1821. Observers: Major-Gen. Corny and Capts. Vercu and Drumuonp, R.E. 





7 er i 
| ht No. Recip. No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range. | of 
Obs. Weight. Obs. Weight. 
‘ o nu u o fu . ee, 
Far Isle . . . 25 1 17-23{ II ‘ too] Yell -.« « + +] 80 32 13:92] I . 


Foul 7°99 7 | 4:03 | 0°22 
Ould +s ss 8d Ot 35 47-38) 15 | 4:66] 0-28] Saxavord - + -|190 8 22-41] 6 | 3-42] O-47 
Ronas. . . . 156 57 20:58) 15 | 9:30] 0-72] Fetlar- + + +1193 6 34:34] 9 | 3°44| 0-26 


ee Ne Oe RR IIS Renae eee ee ee ee Cee) eee 
BRIMMOND. 


3-ft. Theodolite, 3.0. 
17th June 1817. Observer: Mr. GARDNER. 


: : No. Recip 
Objects. Bearings. Objects, Bearings. © of | Range. es : 
Obs. eight. 

















o / “i / 
Mount Battock -| 51 4 38-81 Over Hill + -|220 31 35° "83 9 | eld. 0-34 
Buck - . + «| 106 34 44°57 1-34| Layton + + +/|226 40 45-30] g | 11-24} 215 
Knock. - . +/145 3 31-73 | Tarbathy - - +1246 34 24-71] 10 | 5-61] 0°67 
Mormonth . -| 194 22 32:98 Blue Hill. + +] 322 1x 11-99] 12 | 6-71] 0-49 
Dudwick - + +| 202 49 27-81 on oe 





“BROADWAY TOWER. 


3-ft. Theodolite B.o. 
From 3rd May to 9th June 1850, Observer: Corp. Jenxins, R.S.M. 


















No. Reeip. No. Recip 
Objects. Bearings. of | Range. |: of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 








es | ES | EE RENR 8 ee HS | A | ea 


° / fl fea 33 

Cleeve» + + +| 45 15 43-29] 27 | 7-13] 0-16] Bar Beacon + +|175 13 2:31| 26 | 8-69] 0-28 
|}May Hill. + +] 70 23 40:37] 23 | 4:71| o-14] Hampton Church | 191 25 11-56] 10 | 4-22], 0-82 
Cradle» + + +] 85 18 34-88) 31 | 5-15] o-rz}| Claverdon Tower| 196 43 35:26] 5 | 4:96] 1:04 
Breedon Tower - | 104 17 54°89 15 6-14 0-35 Corley - + + + | 200 43 23-58 6 2.20! o-18 
Malvern - 104 45 52-28) 51 | 6-19] 0-09] Bardon Hill - -| 204 20 53-08] 23 | 4:83 0-08 
| Worcester. Cathe- : Warwick Tower - | 210 25 29-32| 14. |' 7°36] 0-56 

dral Tower -| 124 54 20°17} 9 | 5:83] 0-73] Dunchurch Church ) 7 

Brown Clee + + | 134 13 57:60] 10 | g-21] 1-49 Tower - + -|226 51 51-93] 3} 7:02} 5°5° 
| Walton Hill - - 158 41 58: “IO | 20 9°67 0:29 Arbury Hill. . 242 12 45:70| 20 6-76 0-22 
Lord Plymouth’s Epwell. «© - a57 18 2:74] 471° 7°46 0:08 
Monument- -| 162 48 50-62] 6] 4:13] 0-71] Stow on the Wold 326 27 5:08} 19 5°20 | Oat 
OversleyLodge Tr]'174. 24 31-91| 5 | 8-57} 3-29] White Horse Hill | 339 32 39-96| 26 | 3:07 0°04 






go PRINCIPAL TRIANGULATION. 


BROWN CARRICK, 
3-ft. Theodolite, B.o. 
From 16th to 25th September 1815. Observer: Mr. Ganpver, 





° : Recip. ‘ : No. Recip 
Objects, Bearings, of | Range. | __ of Objects. Bearings, of | Range, | of 
Weight Obs, Weight. 





























o ¢ f@ “ oS et / 
Saugh + + + +| 1830 sig] rg | 6-54] 0-46] Hill of Stake. +} 176 32 27-89] 21 | gag! ong 
Benereard + +| 39 21 32-12| 14 | 5°73 | 0-39} Ben Lomond+ +| 183 14 53:98 2{ 201] rox 
Knocklayd +» +| 75 3x 43-11] 3] 5-34] 3:86) Bin of Campsie -| 207 50 35-30} 2] 1-841 0-84. 
Carn na Leagh -| 81 33 23-61] 14 | 4:50| 0-22] Tinto - + + +/252 ar 38-64; 8 | 5-72) 0-58 
Goat Fell. . .| 128 58 9:83} 14] 6-48] O51 Cairnsmuir on Deugh| 297 47 14:14} I9 | 10:83] a7, 


BROWN WILLY. 
18-in. Theodolite. 
From 3rd October to 17th November 1849. Observer: Corp. WoTHERSPOON, R.S.M. 


: No. Recip. No. Recip. 
Objects. Bearings. of | Range, of Objects. — Bearings. of | Range. of 
Obs. Weight. Obs. Weight. | 


Se | Ee | Scere, | Gene | RE A | SS | A | | TS 





° é 4/ 
}Deadman + + +| I9 4 42:14] 12| 5-66} o-so]} Efford Beacon +|186 57 12:00] 14 | 6-00] o-4s 
Hensbarrow + +] 33 47 2-82] 21 | 17-88} 1-43] Paracombe + +| 218 26 22-56] 31 2-99} 1-25} 
Karnbonellis + +} 44 41 17-48] 9 | 6-66] 1-19] High Wilhays + | 255 39 12-20) 18 | 12-57] 1-51 
| Karnbrea Monu- | Ryder’s Hill - -}|280 18 1-04] 10] 17-32] 4.21 
ment + + +} 48 25 18-13] 8 | 15-91} s.o9 | Kit Hill Tower -| 289 49 1-57} 31 | 15-13} 0-80 
St. Agnes Beacon | 54 21 33-46) 11 | 7-33] 0-85] Butterton- + +|291 14 18-34) 6} 8-61] 3-20 
| Karnminnis - +| 56 44 8-4o| 15 | 4-67] 0.22] Eddystone Light- 
Trevose Head +} 81 25 36-17] 14 5-49 | 0-28 house + + +-|332 8 13-53] 8] 19-731 7-76 
Cadon Barrow +/| 134 27 31:56] 9 | 19-73| 8-49] Lansallos - + +/354 6 19:95) 13 | 9-83| 1-03) 
| Lundy I. Lightho.’) 175 35 43-65] 13 | 9-37| 41-11] 





1 A correction of -+- 2’ 17°85 has to bo applied to this bearing, to reduce it to the trigonometrical station. 





BUNWELL CHURCH TOWER. 
2-ft. Theodolite. 
From roth October to 16th November 1844. Observer: Corp. Bay, R.S.M. 


; No. Recip. : No. Recip, 
Objects. Bearings, Ps Range. of Objects. Bearings. i “Range. of 
Ss. Ss |: 


| Mickficld . - 0 48 40-61| 11 | 2. .20 | Baconsthorpe. + | 182 46 49-88 
1 South Lopham -| 40 27 46-11 -44.| Norwich Spire -| 216 41 42-28 
Brandon + + +] 74 52 7:68 31) Tofts »- + + +©|267 47 14-61 


Swaffham Spire?+ | 120 33 55-91 a. 62 | Laxfield -» + -| 322 32 5-94 
Hingham Tower + | 134 32 42-50 _ 2, 


1 A correction of +- 17"°75 to be applied to this bearing, to reduce it to the trigonometrical station. 





* Er re 
et ST Se 


OBSERVATIONS. or 


BURLEIGH MOOR. 


3-ft. Theodolite, ‘B.0. 
July 1806, Observer:: Mr. Wootcor. 





: No. Recip. No. Recip 
Objects, Bearings, of | Range. of Objects, Bearings, of | Range, of 
Obs. Weight. Obs. Weight. 








W ordeslow ee 14r 26 46-89 q S74 2°29 Easington!- * 272 Bo 44-66 7 542 1-28 


1 The position of the present station at Easington is found, by comparison of the new and old observations at that point, 
to be 2°47 feet distant, and bearing 313° 24’ from the old station. A correction of — 7*79 must therefore bo applicd 
to the reading of the old point to reduce it to the new. ; 





BURNSW ARK. 


2-ft. Theodolite. 
From 22nd March to 4th May 1847. Observer: Serg. Bay, R.S.M. 





s No, | Recip, No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
| Obs. Weight, Obs, Weight. 








: o ¢ @ oO ¢ 4 “ 
Criffel. - » «| 52 39 13:18] 13 | 6:07| 0-37] Referring-object »| 204 52 12-04] 94 - 
CairnsmuirofFleet] 79 22 51-73] 41 3-75| I-10] Wisp - + + +|223 5 56-99| 10 | 4-04 
Merrick - - +] 94 11 32-41] 22 | 4-75] 0-12] Cross Fell- + +| 310 21 13:30] 16 | 4:98| 0-16) 
CairnsmuironDeugh| 107 7 30-42] 21 | 3-93] o-to| High Pike - +] 341 54 38-36) 4] 3-92 
Tinto + . « «1136 20 3855113 | 2-19] 0-05 | Sca Fell * +1356 3r 6-82; 11 | 1-68 
Hart Fell- «© + {167 24 20-57| 15 | 4-70] 0-27 


BUTSER HILL. 


3-ft. Theodolite, 3.0. 
From 1st December 1844 to 16th February 1845. Observer: Serg. Donenan, R.S.M. 


ft 





No. | | Recip. No, Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


Cee eens eeneneel 
a: | Ee | pees | le, Ss | cs: | A Ne 


ce) ‘f ‘i 

Dunnose + + +} 21 8 51-87} 22 | 6-27] 0-23] Beacon Hill - . 114 3 33-78 10 | 269| O16 
Motteston + +| 41 53 58-96} 5 | 9-74) 4°58]Inkpen- + + +} 141 3 52-07] 13 | 5°12] 0°32 
Nodes Beacon! -| 49 2 14:30! 4] 5-04] 2-03] Leith Hill Tower | 242 24 53-00] 12 | 6-33} 098 
Coringdons + +| 61 53 4:85! 13 | 5:39] 0-52{| Crowborough- +1263 22 26-84] 12 | 4:93] 0°25 
Wingreen+ + +| QI 2 16-56} 18 | 7-08} 0-23{Ditchling - - -| 277 31 55-477] 27 | 6-98] 0-21 
Dean Hill: + +| 97 20 58-48} 5 | 4:29| 0-88] Rooks Hill + +| 300 48 11-89| 14] 6:78} 0-52 
Referring-object +» | 108 II 14:96 |136 i | 

Ore. lO OO ee 

1 A correction of +- 20”*43 to be applied to this bearing, to reduce it to the trigonometrical station. 


M 2 





92 PRINCIPAL TRIANGULATION. 7 


CAHERBARNAGH. 
3-ft. Theodolite, 3,0. 


From 21st to 30th June 1832. Observer: Capt. Portriocr, R.E. 

















No. Recip. . ; No. Recip. 
Objects. Bearings of | Range of Objects. Bearings, of e of | 
Obs, Weight Obs. Weight. | 
Slieve B Sey | 6| Gal 59 39-7 g ! 
leve buoymore: 35 44 13 | 9:30] oO: ores + *| 240 59 39°771 31 6:20 , k 
Hunery Hill . 48 5 ae : fee oe Mount ey 7a | 
Mangerton + +| 72 17 25-34] «7 | g:t0| 084] North - 249 6 49:40] 31 | 10-94| O28] 
Drung Hill + +} 89 42 13-14] 4] 3:45] 0-77 Knockmealdown - 25517 9:97) IT] = | 795 | 
Brandon + + +} 107 33 17-52] 5 | 3-59] 0o-93 | Knocknaskagh 260 17 34°31} Q | 10-42} 1-86) 
Baurtregaum + +} 113 57 51-04| 11 | 8-11} 0-92| Mushramore - 297 49 41-69} 9} 7°87) 125) 
Crushylean + +|136 11 13-16] 4] 1-52] 0-16] Doolieve - 298 10 15-88] 5 | 8-13] 3°64 
Tour + + + +©/188 50 3-n71 41 3-40] 0:86 Mullaghcorrin 2909 49 57°55] I — 7°Q5 
Knockfeerina + +| 206 59 16-52} 4] 4-29] 0-15] Clara Mountain + | 322 © 42-97] 3| 1-63] 0-29) 
Keeper: °| 217 32 4065} 3 | 2:29] 0-60| Carrigfadda 352 31 6-81} 12 | 11-26] |r 





Dunrich 
Allarmoor - 
Corkmulaw 

Bin of Campsie + 
Ben Lomond. .- 
Ben Cleugh - 
Ben Lawers - - 


22 35 49-80 
94 24 53°01 
96 40 40:93 
106 47 9-38 
125 24 7:08 
136 2% 30-17 


CALTON HILL. 
3-ft. Theodolite, B.o. 
Hit 3rd May to 17th June 1816. Observers: Major-Gen. CoLBY asa Mr. GARDNER. 


Objects. 


East Lomond » 


Craigowl + > 

Inchkeith Light- 
house 

Largo Law + - 

Kellie Law 


Bearings. 


Oo (/ 4d 
175 49 22-40 
1883 55 34°23 
198 40 35-87 


207 12 44°51 
217 22 46-42 





CARNETHY CAIRN. 
3-ft. Theodolite, B.o. 


From 8th July to 24th August 1850. Observers: Serg. DoNELAN and Corp. Grose, R.S.M. 











No. . Recip. . ‘ N 0. Recip., 

Objects. Bearings, of | Range. of Objects. Bearings of | Range of 
Obs. Weight. Obs. Weight, 
Hart Fell. - - y 3. mbt 28 55) O15 Bin of Campsie - 109 37 42-87 4 3-06 0-46 
iTinto - + + «| 42 18 46-49] 31 | 11-44] 0-32 | Ben Lomond - TI5 0 52-45) 6 | 3:67) 0-46 
Middlefield 62 18 39-73] 6] 6-91} 1-82} Ben Cleugh - 14t 5 32-65) 14 | 9-68) og 
Hill of Stake - 89 36 48-83}; 5 | 7-021 2°35 Ben Lawers : 143 22 55°84) 15 7-88 0-78 
iCorkmulaw + +|107 1 12-12| 16 | 6-94] 0-44] Ben Macdui . 170 3 35°21} 3] 6-67] 4-94 





OBSERVATIONS. 93 
CARNETHY CAIRN—continued. 


: No. Recip. No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. i Obs. Weight. 














| “ / dé df 
Glashmeal- + . 197 5 49° +83 Il o-56| Arthur’s Seat - O11 54 5°44] 16} 8-o1} 1-02 

| West Lomond . 178 6 25-48| 6 1-60} Kellie Law + +| 214 5 40°37] 20 | 5-78} 0-29 

Kast Lomond -| 184 8 28-o1| 10 0-43 | North oe 

|Craigowl - . «| r9r 26 42-31 | 31 Law + + +|236 37 25:82) 6 | 7-75] 2-03 

Mount Battock . 194 42 289| 4 2-52} Sayrs Law + +| 269 13 12-511| 18 | 9-84] 0-66 
argo Law *|206 20 55-41 | 13 0-21} Cheviot + + +] 299 21 36-12] 23 | 10-22] 0-42] 

llarmoors «+ . 207 32 59:24| 9 0-99] Dunrich + + +{| 349 36 53-76| 14| 6-61] 0-48 


Noe Oe oe 
WHO HWS 
cow ONT Pb 
O 
a 


CARN CLONHUGH. 


3-ft. Theodolite, 3.0. 
From 12th to 19th November 1828. Observer: Lieut. Portiock, R.E, 




















No. Recip. No. Recip. 
Objects, Bearings, of | Range. of Objects. Bearings. of | Range. of 

Obs. Weight. Obs. Weight. | 
Longford Spire - 33 17 7: 17 3 2-40 1-64.| Slieve na Callia . 279 4 12-66 5 5-02 1-22] 
SlieveBawn South| 67 11 51-23] 9 | 4:29| o-49|BenofFowre -|292 20 17-12] 5] 4:07] 1:05 
Cuileagh . - -| 171 54 3:00] 6 | 4-89| 0-88] Knockeyon + -|306 21 9:57} 7 | 3-71] 0:37 
Carnmore- - + 209 14 41-49} 1 | ——{ 4:93] Croghan + + +|/330 22 8-06] 3] 5-18] 3:07 
Loughanleagh -| 257 48 24:99} 2] 0-51] 0-06 Knockastia + + 35% 10 54°25] 4 | 5:27] 224 


- 





CARN NA LEAGH. 


3-ft. Theodolite, 3.0. 
From 1st to 9th September 1818. Observers: Major-Gen. Conny and Mr. GARDNER. 























No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. 8, Weight. 
° 4 ou a“ ° 4 4 “” 
Trostan < 39 3 13°45} 9 | 5:70| 0-83} Ben Tuire + +|205 19 O30} IT] 9-35]. 1°33 
Carnaleagh (Ire Goat Fell. - + | 226 33 45:23] 5 | 1-65} O-17 
land) 53 32 46-93] 6| 8-26] 2-77|Pladda Lighthouse} 253 3 28-61} 4| 5°53| 1:97 
Knocklayd ; 61 3 5:36} 7 | 4-40] 0-80] Brown Carrick + | 260 40 38-75] 5 | 2:32} 0°24 
Malin HeadLight | Cairnsmuir on is a 
hou 94 58 17-70] 4] 7-00} 3-18] Deugh - + +] 272 57 53:02| 4], 6:29] 2-80 
TnnistrahollLight- Ailsa Craig + +|278 42 32:93] 6] 5:71] 1-20 
house « ° 98 52 15:29 5 | 5°13{ 1-38] Benereard- - 296 18 5:02] 10} 4:19 | 0°35 
Oa- - +» ©1137 44 13°35| 4] 6:82] 3-03 Corsill Lighthouse B10 26 33-22} 3 |, LIL} O14 
Ben Tartevil - - 137 53 35°52| 6} 5-77] 1-12] Cairn Piot + + {316 39 50°83] 7 | 5°27} 9°93 
Jura - 167 55 24°801 41 7-70] 4-42 Copeland Light- Sie Bos 
Ben More in Mull 173 19 49:36] 4] 5-25] 2-18] house - - 346 28 29°77] 5 |, 3°67 0-61 





94 PRINCIPAL TRIANGULATION. 


CARRIGFADDA. 
3-ft. Theodolite, B.o. 
Jtrom 21st to 30th July 1832. Observer: Capt. Portiocr, R.E. 




















; No. Recip. : ; No. | Recip. 
Objects. Bearings. of | Range. | _ of Objects, Bearings. of { Range. | of 
Obs. Weight. Obs. Weight. 


Le 








4d é tf 


4:34] 1-14] Caherbarnagh - 172 35 7°42 


a 


ie} / di 
Cruckmaddee «| 72 52 41-06 


5 To I+2 
Mount Gabriel -| 474 22 40-11; 8 | 5-75| 1-07} Mushramore « +| 190 45 26-31 2 tc ee 
Mount Kidd - -| 81 54 23:73| 6 | 4:51) o-78]}Corrn+ + + +/ 232 27 13-09| 15 | 7:52) 0-46 
Cruckrowra + +} go 54 1-73) 2 | 1-52| 0-57} Mullaghcorrin +} 238 8 50-89] 1 - | 6-99 
| Hungry Hill. +! 97 4 53-41} 10} 4:78! 0-46] Doolieve - + + | 248 26 54:97/| 10 | 8-48] Ta5 
Mangerton + +/ 144 20 53:95| 2 {| 0-29] 0-02] Ballyroe - + +/ 263 3 20:-55| 41] 9:45} 6+36 





CASTLECOO. 
18-in. Theodolite. 
From 11th to 23rd October 1826. Observer: Lieut. Murruy, R.E. 


; ; No. Recip. | ; No. Recip, 
Objects. Bearings, of | Range. of | Objects. Bearings. of | Range. of 
Obs. Weight. Obs. 


Weight. 


Egat | aes 

















oO ¢ 4“ “we o f/f @& iy, 
Kaippure + «+ + 3 51 34°56| 2 “2 . Slieve Gullion + | 163 36 11-4 8 | 8-28) 2-28 
| Garristown Wind- ae 21). 0 Carlingford + + 86 - sae 12 }1 sos ay 
mill + + + +| 19 16 11-47] 3] 9-85! 11-17] Slieve Donard -| 206 53 817! 5113-05} 8-479 
Loughanleagh +| 108 30 51-50} 4 | 13-12| 12-25] Lambay + + +|333 6 23:31) 8] 9:38 2°97 
Mullyash + + +| 148 41 45-57) 37] — | 25-25 


CHEVIOT. 
2-ft. Theodolite. 
From 16th June to 13th September 1846. Observer: Serg. Bay, R.S.M. 





; ; No. Recip. ; No. Recip, 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


tenes | pS ee fA, ae | i a a. | Se rename 
a 





/ df 


/ 4/ ; 
14 18 57°45| 18 | 4-11} oto} Blackheddon+ - 2417 20 55°77 1 22 | 8-82 0-38 


Cross Well + + 
Sea Fell + + +] 32 25 4-26| 12 | 4-10] 0-16 | Referring-object -|246 9 15-05 |171 | 6-53] o.ox 


Wisp - - 67 49 g-02]| 16 28} o-25} Alnwick - + +] 285 39 56:36] 18 | 8.9 6a 
Hart Fell : 84. 53 1.68 21 $02 are Rufflaw, New +| 319 40 48-30] 18 aoe ae 
Dunrich + + +{ 99 27 31-60] 17 | 459] O-15] Wasington: + +|320 6 40-56} 14 | 4:10 0-17 
Carnethy Cairn + | 120 17 24-45| 18 { 4:92] o-12] Wordeslow + + | 326 28 56-98] 20] 4:04 
Allarmoors + +|123 40 25-41| 10 | 2-93} 0-15} Botton Head- + | 329 55 39-52! 15 | 3-49 
Sayrs Law - - I4Il 22 39°87 16 4°46 0:23 Pontop Pike. . 340 18 31°55 16 O-II 0:23 
Lumsden - + +|175 26 34:37| 12 | 6-01| 0-58} Collier Law - +| 352 7 34:67| 17 6+23 
Mordineton +» +|187 14 14:90] 20] 7ZIL| Org 








OBSERVATIONS. 95 


CHINGFORD. 
3-ft. Theodolite, B.o. and 2.8. 


From 21st July to 28th August 1823. Observers: Capts. Kater and DruststonD. 
From 19th April to 29th May 1848, Observer: Serg. DonELan, R.S.M. 


bi ; No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. 
Obs. Weight. 





| | ED | PN | eS CS Se | a | a | YEN | eqns 





f 


° 4 oft 
48 53 28:65} 26 


* fe) df 
Greenwich Obsery.} 0 5 5-65) 26 | 10-63| 0-221 Hornsey Hill 
Tfundred Acres .| ot 43 17:66| 13 | 3-78] 0-15 | Berkhampstead* 
Banstead ‘8 6 | 2% 4% 72115 {| 5-08] 0-21] Wrotham.- - 
St.Paul’s Cathedral) 26 14 16-40) 45 | 9-24| 0-12] Severndroog - 
| Leith Hill (1822)'| 26 51 17-78} 18 | 5-54] o-x9 | Greenwich Obser- 
WestminsterAbbey| 30 4 46:70] 27 | 6-36] o-15] vatory Transit-| 359 59 53-97| 11 


147 30 13-36 | 46 
330 38 38-42 | 52 
347 13 40-48 |104 


* * ° °* 





1 A correction of — 1’ 19°88 to be applied to this bearing, to reduce it to the trigonomcetrical station. 
2 A correction of + o”*29 3 3 99 





CLEISHAM. 
3-ft. Theodolite, 3.0. 
From 13th June to 27th August 1840, Observers: Lieuts, Roprnson and Hornny, R.E. 
















No. Recip. No, Recip. 
Objects, Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs, Weight. Obs, Weight 





























Ben More, S. Vist 20 22 12:09 7 | 6:82| 1-32] Fashven + + ° 238 29 26-47 12:65 10°31 


4. 

North Rona + +| 203 49 54:14] 2] 0-67] o-rr|Cuinnag + + +] 254 10 59°52] 3] 6:33] 4:83 
Monach - + +|213 52 14-75| 18 | 8-46! oGxr|RuRea - + +} 282 30 37-30} 4] 1:05] 0-08 
Cape WrathLight- Scournalapich! +} 301 34 44:231 3 | 5141 3°38 
house + + +|234 30 21-85] 21! 1-53] oO-59|Mamsuil - + +| 306 16 33-25] I — | 19K] 
Cnoe-ghiubhais - | 236 25 36-92! 4 | 2-76 0-53] Storr + + + +| 323 19 56:97] 12] 4:90] 0-47 





CLIFTON BEACON. 
3-ft. Theodolite, 3.0. 


From roth to 23rd August 1801. Observer: Mr, Woo cor. 
From 26th April to 21st June 1842. Observer: Lieut. LuyKen, R.E. 





ne Beart Ne: 2 Recip. ; — ab ees gers 
. u . ie $i e * 
jects arings a 7 ange, ee oe om Objects. earings sa ang Weight, 
1°] / ff td 2) / fi “4 
| Referring-object *| 21 34 35-89) 71 | 7-22} o-o4] Wilton Beacon - | 206 30 F7IQ9] 5) 4 56} 0 88 
Lord’s Seat + +] 73 32 15-70] 61 3-98| 0-76] Nunburnholme - | 214 31 13:28] 2) 2:78} 1°93 
Back Tor: + «| 82 50 50°99] 6] 5-53} 1x-03{Hunsley - - +/|228 1 36-10] 8 | 3:96} 0-34 
Holme Moss - -| 101 50 38:15| 6/11-70| 4:77] Crowle. - + +|236 47 869] 6 | 3:30] 9:60 
Great Whernside | 147 5 56:08] 21] 1-58] 0.62] North End Base- | 248 57 57:20] 9 | 12-66; 2 89 
Liedstone Beacon 169 26 45°54] 2 I*43] O-51 South End Base - 269 45 20°49 6 15°48 7 59 
York Minster. -|189 11 9°57] 7 | 6-15] x-o1]| Gringley Beacon: | 283 42 43-48] 12 | 3-52] O28 
Acklam Wold -| 203 20 26-08} 4] 2:96] 0-65] Lincoln Minster’. | 298 21 47°55] 9 5°56 | 0°52 


1 A correction of — 8”:06 to be applied to this bearing, to reduce it to the trigonomctrical station. 


96 PRINCIPAL TRIANGULATION. 


- CNOC-GHIUBHAIS. 


| 3-ft. Theodolite, n.o. 
From 3rd to 18th September 1838. Observers: Licuts. ROBINSON and Prron, R.E. 














. No. Recip. 
Objects. Bearings. of | Range. of 
| Obs. Weight, 


ae eee feos 











Objects. Bearings. of | Ran ge. of 
Obs. Wei 


















a 








o ¢ 4 . Oo ¢ & yy, 
5 23 12-52| 11 | 19:02] 1-62] Ben Hutig + +|277 32 10:09) 14 | 5-531 0-26 






Cuinnag 


















Suilbheinn 9 46 36-02} 8 | 8-47} 1-28] Fashven + + +| 297 18 35°49} 11 | 13-02 3°12 
Monach - + +] 72 22 28-43| 8116-06} 5-84] Ben Hopes + +} 310 51 58-85) 8] 8-68] 2-10 
North Rona + +| 141 36 47-01| 3 | 12-68] 17-95] Foinnebheinn- -| 342 51 49:02] 5 | 7-63] 2-89 
Dunnet Head. 263 34 11-66} 2 


COLLIER LAW. 


3-ft. Theodolite, rs. 
From 22nd June to 11th August 1851. Observer: Corp. Gross, R.S.M. 











, . No. Recip. ; No, Recip. 
Objects. Bearings. of | Range. of | Objects. Bearings, of | Range. of 
Obs, Weight. | Obs. Weight. 























4 ff 


“ 

Water Crag + +} 13 12 44:10] 10 | 8-21| 0-86] Durham Observa- 
Cross Fell. + +] 77 14 36-58] 32 | 4-73] o-21] tory Dome+ + | 270 33 42°27) 9 | 5°84] x31 

Cheviot +1172 15 48-84] 22 | 9-74] o-41]| Brandon + + +} 275 12 46-83) 9 | 8-68} 1-44 

Rathbury Crag +| 187 44 42-56| 4 3-19 | 0-91} Easington: + +| 286 56 11-03] 22 | 4-51} ovr] 

Rufflaw, Old- +} 195 16 52:13] 7 7-ox| 1-55) Burleigh Moor - 289 51 5°29] 14] 7:00] 0-39 

Rufflaw, New -+-| 195 19 21-02] 12 7-29] 0883, MerringtonChurch] 292 48 19-11) 4] 5:55] 2-58 

Pontop Pike - +|230 26 16-25] 5]! 4.67] 0-98] Botton Head+ -| 304 49 56-87] 24 | 7-35] 0-23 
| Wordeslow + +/256 © 29-80] 27 | 6-33] 0-17] Black Hambleton | 317 24 16-61] 6 | 6-35] 1-69 






CORINGDON. 


3-ft Theodolite, B.O. 
From 22nd February to 14th March 1845. Observer: Serg. DOoONELAN, R.S.M. 


werres : No. Recip. . ; No, Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. | 











Eee 

















; i?) f dé 3 / 4/ 
Swyre Barrow +| 69 50 19-45| 14] 5-55 | 0-39] Dean Hill. + +|]207 54 8-11] 9 
Blackdown + +| 99 13 32-31] 9 | 6-58| 0-66] Butser Hill - -|241 5 44:05} 15 
Pillesdon - + +| 108 33 23-60| 16 | 6-05] 0-31] Nodes Beacon’ + | 262 33 36-41] 4 5-021 2.08 
Wingreen» + +|168 5 3-87| 15 | 6-16] 0-41] Motteston + +| 264 56 I11-06|] 3 
Horton’s Gazebo: | 184 56 44-56] 41] 3-55| 0-93] Dunnose - + +-{271 4 16-31] 16 
Beacon Hill - +| 196 52 41-31] 9g | 6-44] 0-80] 


ere ee 


1 A correction of —58”:76 to be applied to this bearing, to reduce it to the trigonometrical station. 





OBSERVATIONS. 97 


CORRYHABBIE. 


3-ft. Theodolite, 3.0, 
From 6th September to 21st November 1850. Observer: Corp. JENKINS, R.S.M. 













No. Recip No. Recip. 
Bearings. of | Range. of Objects. Bearings, of |} Range. of 
Obs. Weight. Obs. Weight. 





en Ene (ETRE EEE | Some 

















ce] df : ti 
Referring-object + | 204 40. 10:96} 31 | 8-07] oar] 
Bin of Cullen +{| 208 20 34-63] 31 | 5-53} o-IO 
Cowhythe- + +]220 11 24:43{ 42 | 8-40] o-r0 
Knock- + + +/223 15 15:06] 38 | 6-81] o-F3 
Alva + * #1230 24 26-60} 5 | 3-90] 0-69 
Manor Lee + -+|231 8 36:82] 11 | 7:39] 0-68 
Mormonth + -j247 8 17-88) 47 | 6-25] 0-09 
Dudwick » + +] 261 41 42-88] 25 | 7-19] 0-32 
Buck * ©1294 41 33°81] 59 | 5:23] 0-05 
Caerlock - + +| 313 35 19:48] 53 | 4:73] 0-04] 
Mount Battock -| 327 48 37-11 | 59 | 6:26] o-05 





3 f f/ 
Glashmeal + «| x1 17 31-68] 22 | 6-33] 0-26 
Ben Macdui * 43 17 Io-10 35 4°99 0-07 
Ben Nevis + -| 61 39 59:11] 20] 6-29] 0-28 
Mamsuil - - -| 89 15 34-51 | 27 | 7-y6] 0-24 
Scournalapich . 92 11 19:91] 31 | 6-82] 0-18 
Ben Wyvis + +| 114 46 22-01] 31 | 5:19] 0-09 
Ben Clibrig + +] 144 26 28-89] 40 | 5:00] 0-08 
Ben Lundie + +-|145 10 30:27} 20 | 5:98] 0-28 
| Balnaskerrish- -|147 9 35°52| 23 | 4:15] 0-09 
Scarabin + + +1166 37 8-57] 38] 5-19] 0-09 
Findlay Seat + +|173 59 26-02] 47 | 4:85 | 0-06 
Ben Cheilt + +] 174 22 46-32] 34} 5-00] o-14 















COWHYTHE. 


3-ft. Theodolite, B.o. 
From 16th November 1846 to 8th February 1847. Observer: Sere. DonELAn, R.S.M. 





No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of {| Range. of 
Obs. Weight. Obs. Weight. | 
Le) / ‘i ‘i ‘ 3 / ff ‘é 
Buck - . - +} 23 6 5:17] 10] 8-76] 1-26] Bin of Cullen -+-| 81 7 43-42] 18 | 3-87} Ott 


| Knock Hill - +! 31 57 1-24] 41 | 9-09| 0-22] Ben Lundie - -/113 10 18-25} 14 | g-02| 0-68 
|Corryhabbie - -| 40 38 28-86] 22 | 8-09] 0-36] Scarabin - + +| 137 44 25-66] 24 | 14:56] 0-60 
Referring-object +| 66 27 31-99 {133 | 4:98| 0-03} Ben Cheilt + +} 149 25 32-83] 20] 4°51} O-13 


CRADLE, 
3-ft. Theodolite, R.s. 


From 1st August to goth September 1843. Observers: Lieut. LUYEKEN, R.E., Corp. Cosarove, and 
Priv. StEwart, R.S.M. 























No, n Recip. an No. oe 
: : ; eee 
Objects. Bearings a 7 ange Se am jects Bearings. Rs : Range eee 
Ot vat “4 oO 44 “l 

Dunkerry: + «| 20 19 541] 7 | 2-03] o-12]| Cader Idris - +-| 147 31 15-31} 7 | 5°66] 1-27 
Paracombe + -+-| 30 57 14°80] 8] 2-951 og1}] Snowdon - + +| 3152 51 22-89] 13} 4°94} 0°29 
Liangeinor + -}| 42 5 53:06; © | 2-41} o-24] Liandinam + +1157 43 49°39} 5 | 4°76} 1:29 
Precelly - + +] 90 19 41-91] 9 | 3°37{ O-at} Arrenig - + +1158 42 28-89] 3] 4:64} 2-90 
New Inn- - -| 92 43 36:82) 5 | 2:32] 0-38] Radnor Forest -|171 27 6-70| & 2-38 | 0-16 
Referring-object -| 130 50 37-98 |119 | 5°38} 0-01} Long Mountain -| 181 44 18-51) 5 | 6-23 2°05 
Plynlimmon + -{142 1 54:68] 9| 5:67] 0-65|Stow - + + +|190 0 66:69} 7 | 5:63{ 1°04 


98 PRINCIPAL TRIANGULATION. 


CRADLE—continued. 





- : : Recip. . : Recip 
Objects. Bearings, of | Range. of Objects, Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 




















oO 4 ot o 4 4 
Longmount Pole-| 194 54 16-52| 7 | 3-11| 0-37] May Hill. . .|a78 18 38-14] 4 

Wrekin + + +|205 47 33:04| 7 | 1-68] 0-08] White Horse Hill| 290 42 9-08] 10 

Brown Clee + -| 211 18 39-36] 3 | 1-07| 0-36} Trellig. » . «| 308 41 49-05] 2 

Malvern + - +/252 8 48-97) 6] 3-23] 0-38] Dundry .. . 331 33 3°59) 5 | 5271 2-02 
Broadway Tower | 264 17 55-981 4 | 31-37} 0-12] Mendip » «13999 38 o-61} 4] I 

Cleeve, Old + +/272 13 26:80] 6] 2-37] o-18 | Staple Hill - «| 358 33 48-29} 3 


CRAIGOWL. 
3-ft. Theodolite, B.o. 


From 5th June to 4th July 1817. Observer: Mr. GARDNER. 











Objects. : of ings. ; 
Weight. Obs. Weight. 


eR CURES A ES | Se | eee | emer peeenne 9 eee Se | ES: | Si | SN | tami SNS 





Calton - - - 9 3 5942 


9 
Allarmoor- +« +{ 10 38 13-88 6-42} 1°85} Caerlock + + +/|212 52 40:06} 6] 4:74| O-go 
East Lomond: -{ 20 37 0-03] 2 7:21 | 0-27] Broxy - > +1229 4 10:96] 41] 0-09] 0-00 
2:98 | 0-221 Red Head, old +1256 33 58-02] 15 | 10-94] 0-81 


Ben Lawers «+ +} 90 15 46:09 


3:33 | 0-81 Kellie Law + +1 336.25 gy) 14] Goad 
Glashmeal: + +|149 17 55-46 


3.11 0-45 | Mount Battock - 200 22 31°59 e ee! 
7°32) 1:06) Largo Law + +|351 0 23-14] 21 792, 0-38 


6 
5 
5 
Ben Cleugh + +-| 49 27 15°14] 7 
4. 
9 





CRIFFEL. 


3-ft. Theodolite, B.o. 
From 23rd May to 8th June 1841. Observer: Lieut. Hornsy, R.I. 


























: No. Recip. : No. Recip. 

Objects. - Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 

Q / di ul oUF “ a“ 

South Berule: +] 37 49 46-62} 1 —  |13-tr|Dunrich + + +| 201 41 12-50} 6] 6-90] 1.88 
Glasserton- + +| 65 18 19:66) 3 | 5:61} 3°53} Wisp Hill- + +|227 32 10:07] 6] 9:05] 3-28 
Ben Cairne + +-{| 67 9 45:68] 4] 2-04] 0-43| Burnswark + -+|232 22 17-80] 2| 0-82] 0-06 
Cairnamuirof Hleet 95 9 29:16] 11 | 8-40} o-Sr] Cross Fell- + + | 289 21 43-38] 7 | 12-38 5:59 
Merrick - - 112 43 29°-77| 12 | 6-24} o-41| High Pike. + -| 305 20 24:46] 9 | 12-62 2-52 
Goat Fell» + -|128 9 45:25] 3 | 3:17) 1-18] Helvellyn. - -| 319 14 2-04] 81. g-52] 1.88 
Cairnsmuir on Sea Hell » + + | 333 25 22-231 9 | 6-35] ong 
Deugh - + +1133 30 0-32} 8] 4:72} 0-55} Black Comb - -| 345 34 20-76] 4 | 11-28 11-79 
Hart Fell. + + | 195 28 13-51) 7} 3-91 | 0-56] Dent Hill. - + | 349 22 17-371 81 6-10] 0-84 





we ae EE ES 


Objects. 


Keeper: 
Knockastia 

Slieve Bawn, South 
Carn Clonhugh , 
Cuilcach . : 
Knockeyon 

Ben of Fowre - 
Slieve-na-Callia - 
Loughanleagh 
Slieve Gullion 





Bearings. 


fe) / 4/ 
45 16 30-10 
1I4, 7 27°50 
128 38 30°64 
150 43 15:08 
159 56 18-91 
177 44 48-49 
186 37 20-01 
193 52 51°52 
201 32 28-89 
21% 31 31-85 








OBSERVATIONS. 


CROGHAN. 


3-ft. Theodolite, 3.0. 
From 3rd November 1828 to 13th January 1829. Observer: Lieut. Portiocr, RE. 


No. 
of | Range. 
Obs. 
dé 
6 | 12-96 
24} 11°75 
I = 
5 | 2°47 
3 | 9°95 
21 | I1+*33 
8 | 8-87 
13 | 7-02 
5 | 11+38 
2} 2-99 








of Objects. Bearings, 
Weight 
° / Mt 
5:26 | Slieve Donard 223 25 97:76 
0-771 Lyons Hill + -| 276 51 29-20 
13:54] Kippure - - 286 7 9-66 
0-33 | Hill of Allen - 295 2% 27°46 
1056 | Church Mountain | 304 49 32°95 
0-65} Dunmurry - 305 21 47°83 
1-42 | Lugnaquillia . 307 26 58-39 
0-64.} Cadeen» + +1313 3 15°93 
5:40 | Mount Leinster - | 337 21 56-46 
9:23} Cullenaghs + +| 358 16 10:67 











99 
No, ee 
= | Range, W 4 ht. 
dd 

i — | 13°54 
Ir | 7:07) 0-81 
5 | 7:36) 236 
84 | T1*7i | O33 
3 | 9-88 | 12-96 
22 |I10-go} 0-59 
6 | 4:48) 0-79 
5 | 4:88] 1-33 
21 259] 1-67 
10 | 6:28] oO-70 














CROSS FELL. 
3-ft. Theodolite, rs. 














From 3rd October to 27th November 1841. Observer: Lieut. Prpon, R.E. 

No. Recip No. Recip. 

Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight Obs. Weight. 

°o / if a .°] / tf ¢é 7 
Sea Fell ‘ 59 42 28-14] 12 | 7-68} 0-83] Wisp + + + +1354 46 49-00] 5] 5:50] 1-69 
Helvellyn. + +} 60 27 46-041 5} 3-23| o-57]|Dunrich - + +|155 34 44:83| I — | 8-52 
High Pike. + -| 90 38 39:84) 31] 1-85] o-42|Cheviot +» + +1194 2 34:32] 61 8-92] 2-51 
Ben Cairn - 102 1 22-25 | 21 x84] 0-84] Collier Law + + {256 50 10-58} 31] 3:79] 1:90 
Cairnsmuir of Fleet 105 2 34:70] 2| 0-27] o-or}| Botton Head- +] 289 27 25-84) 9 | 9:72] 1°69 
Criffel . . . 110 17 46°33] 9 | 8-92] 1-85] Black Hambleton | 298 20 2-13] 4] 9:80] 7°20 
Merrick + + +| 111 43 50°93) 41 6-80| 3-05] Water Crag + -| 320 28 22-19] 4] 2°53] 9°44 
Cairnsmuir on Great Whernside | 332 5 31°69} 9 | 8:41] I-71 
Deugh - + +| 119 49 31-27} 2] 3-47] 3-01 | Little Whernside | 354 4 8:57] 4] 7:02! 3°47 
Burnswark - +|I3I 0 19:03] I ~ 8-52} Ingleboro’s + +| 354 26 22-07} 4) 4°32] I-31 

Hart Fell» + +|143 42 25-97] 5 | 6-89| 2-00 
a a ee Me ee et ce Ne ee 
CROWBOROUGH. 


3-ft. Theodolite, n.s. 


From 19th to 22nd September 1822. Observers: Major-Gen. Cotny, Capt. Karer, and Mr. GARDNER. 


































No. Recip. No. Recip. 
Objects. Bearings. of } Ran of Objects. Bearings. of | Range. of 
bs. Weight. Obs. Weight. 
Leith Hill of ee 110 17, 19: -98 23 3-58 0-08 | Tolsford 264. 59 35-56 Io 4°57 Oe 
Vrotham - 197 22 34:93] 23 | 3:27| 0-05] Tairlight - 301 4 59°55) 15 | 4:27) OF9 
Stede Hill 239 20 55-761 16 | 2-82] 0-09 Brightling Obser- oe 
Frant Church 239 33 36:94] 22 | 3-671 o-05] vatory ‘Dome - 303 30 12-56] 4] 4:95] 2°04 


' A correction of — 59°07 to be applied to this bearing, to reduce it to the trigonometrical station. 


N 2 


100 : PRINCIPAL TRIANGULATION. 


CROWLE. 
18-in. Theodolite. 
From oth April to and July 1842. Observer; Corp. STEEL, R.S.M. 


GAPE EE TE TT I SBT TS a pS STE DET EET ETI IE ITE IL SL SIT SI Ta EE SS aE ED I ES TE TE eS SA 









































; No. Recip. ; No. Recip. 

Objects. Bearings, of | Range. of Objects, Bearings, of {| Range. of 
Obs. Weight. Obs. Weight. 
| Gringley + + . io: a0 oe aa 3-30 | Hemingboro’ Spire 149 59. 17: 29) 9 8.28} 1678 
Clifton Beacon . 57 6 fae ; ora Ie5 1 Acklam Wold - 183 10 10:29] 6 | 12.86 pr 
Back Tor + - +1 69 54 15:90] 1 — | 11-23] Wilton Beacon -|185 31 9:351 31] 5-50} 4:02 
Garforth Chff . | 3178 13 57-76| 7 | 6:07} 1-33 Nunburnholme -| 195 13 52°95! 2 | 3°431 2-94 
Ledstone Beacon | 119 26 7-63] I — | 11-23 Tfunsley os 218 § 45°99) 5 | 7:63] 2-41 
Great Whernside | 128 57 43-64| 1 — | 11-23} Lincoln Masten, 335 9 32°57) 4 | 3°82) 11g 


1 A correction of — 10” 52 to be applied to this bearing, to reduce it to the trigonometrical station. 


CRUACH-NA-SLEAGH. 
3-ft. Theodolite, B.o. 
From 11th December 1847 to 17th January 1848. Observer: Serg. DonELAN, R.S.M. 

















. No. Recip. No. Recip 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs, eight. bs, Weight. 
. oO ¢ «4 “ | oO ¢ 4 | “ 
pe eenaye " +) 17 24 4o56| 1 ~ 2.52 | Ben Lomond- +; 262 52 3490 a: _ 2°59, 
Jura» 35 43 9°69] 3] 415} 1:93] Ben Tuire 35° 37 41-46; 2] IeIr] 0-30 
Ben More in Mull 152 35 29°68] 1 is 2+ 59 | 





CUILCAGH, 
3-ft. Theodolite, 3.0. 
From 17th June to 12th September 1828. Observer: Lieut. Portriock, R.E. 





Recip. , Recip 
Objects, Bearings. of Range. of Objects. Bearings. of | Range. of 
Obs, Weight. Obs. Weight. 


°o / fd / o / ff 4é 
Keeper - > 10 40 26-23] 5 "9.60 0-44] Slieve Gallion - {228 37 19:00] 10°] 5-88} 0-42 
Slieve Bawn South | M7 35 59°45 | 12 | 9-46] 1-31 | Shantavny + -/| 234 36 5-48! 28 | 8-97] 0-35 
Mullaghanoe + +| 64 16 28-61| 10 | 6-20| 0-74] Carnmore- - -/ 257 35 33+56| 38 | 12-33| 0-36 
The Reck- + +| 68 43 5:24| 7 | 4:50] 0-65] Vicars Carn - -| 261 42 41-93) 10 | 4:89] 0-54 
Nephin - + *| 79 2 26-60] 13 | 6-45] 0-68] Slieve Donard -.| 270 18 14°77 | 14 | 10-27] 0-82 
Knockalongy- +| 89 41 35-63| 10 | 5-57} o-60|Mullyash - - +) 271 49 25-44| 7]. 6-68] 1-09 
Tawnaghmore +} 95 49 57:93| 1 ~ | 10-85 { Slieve Gullion +/275 1 35°50] 14.] 7°24] 0°55 
Knocknarea ° *| 97 40 27-79| 24 | 8-19 0-38 Carlingford - ©1278 50 1-34{ 12 |. 4-56) O-4g 
Slieve League -+/131 8 25-03] 32 | r1-95| 0-38 Loughanleagh -| 298 18 33:28) 30 | 19°33) 0-84 
Breesy- + > 157 48 9-92] 21 7:98 | 0-39 SHeve-na-Callia -| 317 37 17°58) 18 | 8-78) 0-62 


BacsoungraGanwell 170 22 28-50} 41 a-751 ©. Kippure - + -| 318 45 13°93] 2 8-73 | 19-05 
Slieve Snaght -|195 19 23-89] 15 | 10-01 He Croghan - + +} 339 3° 33°70 6 | 898! 2-68 
Bessy Bell + +} 206 26 33° - 30 | 9+73| 0-35] Carn Clonhugh -| 351 49 23-601 13 | 8-10} o79 
Sawel + + + +} 215 39 52:24] 32 | 13-98] 0-49] Knockastia - + | 351 57 33°94] 3} 3:39! 1-56 


Mullaghcarn + + | 216 18 eee 27 110-60} o-36 


Se eeeemeneemieaa ace eee carere. at . 
oe = 


Senet anal 


Sea oe eg a, EP ee a 


OBSERVATIONS. | 101 


CUNDTHAM. 


2-ft. Theodolite. 
July 8th and gth 1829. Observers: Capt. Dawson and Lieut, Murray, R.E. 





: ; No. Recip. No. 
Objects, Bearings. of | Range. of Objects. Bearings. of | Range. 
Obs. 


Weight, Obs. 











es | 





Slieve Snaght . 9 5 58 46-73 II 11:02 1-71 | North End of Base 287 4l 417 16 315 0-09 
Mount Sandy -1271 3 29-921 161 6:57) 0-36] South End of Base | 334 20 52-79 | 16 | 6-23] 0-29 
Knocklayd 1272 9 28-41} 3 | 3-90} 1-69] Sawel Mountain - | 352 11 23-23] 41] 441] 1-70 





CYRN-Y-BRAIN. 


18-in. Theodolite. 
From 25th October 1852 to 24th January 1853. Observers: Serg. Sreen and Corp. Wornerspoon, R.S.M. 











Objects. Bearings. 





SE eR ag LD ES | ST a RE GRE DE PE a, | | 





25 115-94, 1:38] Axedge + + +] 254 44 24-51] 8} 11-32] 3:89 
17 | 25+20] 3-90 Mowcopt + 262 4 49°51] 14] 12-98] 2-05 
17 | 22-25 3° -82, | Longmount Pole 339 0 47°16 | 16 | 26-71 | 8-24 


fo) / “i 
Arrenig +» + «| 70 52 37:26 
Snowdon - + > 93 32 7-78 
Llanelian - + +|123 13 54:09 
Delamere - + + {| 237 49 28-74 











DANBURY SPIRE. 


18-in. Theodolite. 
From 17th July to 15th September 1844. Observers: Corps. STEEL and Beaton, and Privates Francis 





and VaLLy, R.S.M. 
No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 

















°] f fd ° / ff ff 
Gad’s HillObelisk!| 12 46 14:15| 2] 1-30] o-42]|Lawshall - + +| 3191 50 44:13] 5 | 18-14] 17°39 
Wrotham - + +| 24 24 27-90] 10} 22-38] 8-14] Naughton: + +-|211 3 22-62} 5 | 6-88] 2-64 
Langdon Hill +} 30 g 3-88] 14 | 17-41| 2-61 Stoke Tower - - 215 35 51:15 | 19 | 30:90| 4°13 
Severndroog ~ +! 52 13 39-31 | 10 | 6-42) o-92}| Walton Tower -| 251 14 59°53| 13 | 6-80} 0-69 
Epping Cupola -| 87 42 45:97| 14 | 11-62| 1-79] St. Peter’sCh. Tr? | 303 22 17-851 13 | 23°57| 9-49 
Hatfield Broadoak | 118 19 30-56} 4] 2+53| o-45}| Norwood - + -{| 331 45 61-21] 19 | 13-42] 1:64 
Lhaxted Spire +/}148 53 5-33} 19 | 9-53] 0-48] Frittenfield + + | 342 13 16-97] 12] 8-94) 0 95 


eee eae eee: (SI ORRIN CREAR: | NR NECN: (Ss en eO UOT CUEEN SO Mperen: omer ere 
1 A correction of +- 5! 28" 57 to be applied to this bearing, to reduce it to the trigonometrical station. 
* A correction of + 2!" 59 93 ” ” 


102 PRINCIPAL TRIANGULATION. 


DEADMAN. 
3-it. Theodolite, B.O. | 
From 27th January to sth March 1846. Observer: Serg. Donenan, R.S.M. 








Objects. 


———_-F =e 


| Goonhilly Down + | 54 18 19-1 ; 33 | High Wilhays <|a07 7 11: 
Karnbonellis - -| 82 3 Bee ; -go | Kat Hill Tower . a : eA 
Karnbrea Monu- Lansallos+ + «| 232 15 20-90 

ment. 99 § I:09 ; 18} Ryder’s Hill - +} 243 36 48-61 
St. Agnes: + -/307 54 51.68 -o7 | Butterton+ + +|a51 28 13-69 
| Hensbarrow + +-/176 3 3.20 . -62 | Eddystone Light- 
Brown Willy + +| 198 55 44-82 ; house + + *| 2976 30 47-40 


DEAN HILL. 
3-ft. Theodolite, R.8. 
From 14th January to 17th March 1850. Observer: Serg. DonEnan, R.S.M. 


a PS TSP srs ie SS SS SSS 
és No Recip ; No. Recip. 
Objects. Bearings of | Range of Bearings. of | Range. of 
c Weight. Obs, i 





See: | eee 


































Beacon Hill - 164 8 32-26 | 32 |. 5°29 | 0:09. 
Old Lodge + +/ 181 54 26-67/ 9 | 5-21] o-ge 
Inkpen + + *{200 5 37:03] 21 | 6-48! 0-19 
Butser Hill - +/2976 49 40-99| 22 | 6-20/1 027 | 
Ordnance Map | 

Office + + +] 306 27 43-15] 9 | 5-85] 0-54 
Dunnose + + + / 324 54 39°78 | 19 | 10-33} 0-50 
Motteston> + + | 338 43 28:24} 9 | 4:54] 0-54 
Nodes Beacon’ -| 348 59 17-13] 31] 0-64] o-04 


7 ‘ / fi 
Coringdon Hill . 28 IO 12°81 | 12 4°85 0°36 
swyre Barrow -| 33 31 58-371 9 | 5:09] 0-63 
Horton's Gazebo -| 48 38 39-341 6| 7-08] 1-86 
Wingreen - *| 81 12 15-66) 15 | 5:98] 0-48 
Old Sarum Castle | 123 13 41:97| 17 | 7-25] 0-48 
Four Mile Stone « | 124 39 30°90] 15 | 5:33] 0-31 
Westbury Down -| 126 52 18-39 | 23 | 6-51} 0-20 
Queen’s Manor + | 132 8 26.62] 25 | 6:02| 0-24 
Stoke Hill = 46 [ 239 147 43°98 9 4°15 0-76 
i Milk Hill. - +{!160 718 49:27| 8 | 5:45} 0-60 





DEERNESS. 


3-ft. Theodolite, B.o. . 
From 5th to 7th November 1821. Observers: Capts. Veron and Drumsonp, R.E. 









; No. Recip. 
Objects. Bearings, of | Range. of 


Obs. Weight. 


Sateen 





Objects. Bearings. of Range. of 
Obs. 

























158 59 5°67|°5| 2:53) 0-94 


| oO ¢f «4 i“ 
South Ronaldshay | 30 34 14:33] 9g | 2.66] o-11| Fitty Hill. 
-{ 216 39 4215/12 | 3-95] ors 


Wart Hill Hoy +{ 80 46 20-50} 91] 4-20] 0-37] Stronsay - 


a en 
sp eel a m 


WF na ane eee 
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‘OBSERVATIONS. 103 


DELAMERE. 
2-ft. Theodolite, B.o. 
From 24th April to roth June 1842. Observer: Lieut. Da Costa, R.E. 







No. Recip. | 
Objects. Bearings. of | Range. of 
Obs. Weight. 


eS ST 











Objects. Bearings. of 

























| ° ° 4. ol “l 
Long Mountain -} 23 1 st-44 Lord’s Seat + +/255 48 10-51 216] 0-27 





I 5 

ee -| 58 13 25-51} 8 Mowcopt - + +|290 26 12:34] 7] 9-07| 2-23 
| Garreg’ ‘1101 20 56-271 4 | Mowcopt Tower: | 290 47 46-50] 2] 517] 6-68 

Heswell . . . 114. 13 °40-:96| 8 | Nantwich Tower - | 327 15 38-40| 4] 7-01] 3:33 

Bulinge + - -«{|176 17 23:65| 6 Ashley Heath + | 328 34 36-67} 6] 5:93] 1°33 

Rivington» + +|193 53 47°61] 5 Wrekin -« - 351 36 15-06} 6 | 2-66] 0-25 

Belleficld » - - 205 19 16-17] 5 Hawkestone Obe- 

Whittle - + +|209 12 18-18] 4 lisk + + + +1354 23 O43] I ~ 6-78 
| Holme Moss + + | 236 13 26-23] 3 Brown Clee + +} 355 58 39°69] 2] 1:64} 0-67 
| Kinder Scout» + | 251 27 37-85| 7 | | 


1 The bearing of this point is inferred from the old observations at Delamere, and corrected for the difference of stations. 
See Description of Delamere. 





DOOLIEVE. 


3-ft. Theodolite, 3.0. 
From 31st May to 14th June 1832. Observer: Capt. Portiocs, R.E. 























: ip. No. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. |. eight. Obs. Weight. 
| / “ o 4 4 “ 
Ballyroe - + + 31 17 19: 93 7 | 6-45{ 1-32} Rock Hills + +1156 59 5:39 1-76) 0-27 
Carrigfadda + +| 68 56 49-46] 10 | 3-43] 0-19 | Knocknaskagh -| 182 45 25-82| 1 5:79) 24° 
Corrin: - + +| 74 12 22-60} 10] 5-42} 0-67] Galtymore + +{|196 31 1022 4:51| 1-56 


Mangerton + +|106 16 31:80| 21 0-18| 0-00] Knockanaffrin -| 226 55 9:65 
Mullaghcorrin + | 111 31 26-20 - 3+59| 0271 Bunnaloo- + -+| 229 41 37:18 


4 
3 
4 
Clara Mountain -} 98 9 20-14{ 11 | 6-02} 0-56] Knockmealdown + | 217 10 35:67] 4] 1:92] 027 
fe 
8 6 
Caherbarnagh +} 118 44 15-15| 61! 8-76] 2-721 Slieve Grian - +] 240 33 18-08] 5 
7 


Mushramore - -| 12 5 4 40-02 


DITCHLING. 
3-ft. Theodolite, b.o. 
From 16th October to 23rd November 1844. Observer: Serg. DonELay, R.S.M. 















No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. s. Recip. 








- 
SS SES | ge i EE | Caen 














Mi fe) / ‘i if 


Dunnose + - -| 68 9 23-96 17 | 6-35} 0-28} Brightling Obser- 


Butser Hill - -| 98 12 15-73] 11 | 6-20] 0-43] vatory Dome -| 258 42 6:09}; 8 | 5:37 0-68 
Leith Hill RONGE 148 55 18-871 17 | 7-19| 0-32] Fairlight - + -|272 44 5421} 17 | 7:13) O47 
Wrotham . . 210 36 22-82} 12 | 9-771 0-89 Referring-object - 274.23 17°16} 90] 5°55 tte 
Crowborough - . 226 58 17°92 9 8-39 1*34 Beachy Head » ° 3°05 IO IQ: 43 Ili 3°56 0°3 


rant Ch. Tower 





230 19 50:67} 4] 3-62; 1-08 


104. PRINCIPAL TRIANGULATION. 


" DIVIS. 
3-ft. Theodolite, B.o. 


From 24th July to 11th November 182 5. Observers: Major-Gen. Cotby, Capt. Orv, and Lieuts. HENDERSON, 
Portiock, DrumMonp, and Murrny, R.E. 






; No. Recip. | 
Objects. Bearings. of | Range. | __of 
Weight. 

















Objects. Bearings, of Range. 
Obs. 

















Benereards + +|233 52 0-53] 14 720 
Merrick + + +1238 47 55:20] 51 5:76 
Cairn Piot- + «| 245 23 13:03] 12 | 15-03 
CairnsmuirofFleet] 248 41 39°27!| 6 | 3-72 
Mull of Galloway | 267 28 50-03] 15 | 7-63 
Scrabo Hill + +|279 57 0:35} 13 | 11°58 
North Berule: +} 288 4 41-05] 7 
Snea Fell. + +] 290 20 52-19] 9 
South Berule- +| 299 50 21-52| 6 
Calf of Man + +/| 308 0 51-84| 3] 2°06 
4 
8 


Carlingford . . In 6 6-69} 1 8-12 | 0°53 
| Slicve Gullion «+! 06 a pre | 8-68 | O45 
Vicar’s Cam. . 47 2% 16-71 | 14 | 4°71 | 0°27 
Shantayvny e 80 II 33°39 4 2°65 Odd. 
Mulloughearn. +} gx 4x 53-07] 9 | 2:22| OTs 
Slieve Gallion +] 10% 56 46-91 | 53 | 12-84] 0-17 
Sawel + + + +|109 50 24-48) 15] 7-74] 0°54 
Slieve Snaght- -|128 rr 45-91] 18] 6-85] 0-24 
Benyevenagh+ -|134 30 7-021 51 6-27] 1-99 
Knocklayd- + +| 166 24 47-61 | 23 | 11-06 | 0-50 
Trostan “| 169 44 31-59| 6] 4:80] 0-95 


Slieve Donard +1|352 24 5-471 9 
Goat Fell. « +|204 41 46-71] 1 — | 14:24 


Slieve Croob + + | 354 24 44-78 





DOCKING CHURCH TOWER. 
2-ft. Theodolite. 
From 31st May to 23rd July 1843. Observer: Corp. Bay, R.S.M. 




















No. No. ip. 
Objects. Bearings, of Range. ‘as Objects. Bearings, of Range. neey 
Obs Weight. Obs. Weight. | 
; Z 0 4 tf ce) 
Referring-object -| 40 47 20-10} 35 a — | Boston Tower’ «| 101 2 5 2 5-87 6 3° 30] o-40 | 
Lynn Old Tower-| 42 14 21-87] 4 2°95 | 022 Baconsthorpe- +-|272 16 3-44] 6 4:10} 0-68 
Walpole St.Peter’s} 54 43 28:17] 5 | 2-28] o-97 | 
' A correction of — 7°86 to be applied to this bearing, to reduce it to the trigonometrical station. 
DRUNG POINT. 
2-ft. Theodolite. 
Tfrom 11th to 14th July 1829. Observers: Capt. Dawson and Lieut. Murrny, R.E. 
No, | i No. ; 
Objects. Bearings. of : Objects. Bearings. oe Hinge eer 
. Obs. 0 Weight. 
Oo /¢ & a“ o ff 4 WW 
Mount Sandy: +/ 256 53 42-001 16 | 5-28; 0-25 | South End of Base} 323 31 41-39] 15 | 5-09 0-31 
North End of Base} 270 39 53-11] 16 | 5:18] 0-29 
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From gth February to goth 


OB SERVATIONS. IO5 


DUBLIN OBSERVATORY. 


3-ft. Theodolite, B.o. 
June 1830. Observer: Licut. Portiocr, R.E. 


ree eennengeeres npr sunnnmenenennreenereneru gg i 


; Objects. 


Lyons’ Hill . . 
‘Maynooth Obelisk 
Knockbrack . 
Howth. . . . 
| Poolbege Lightho. 





Objects. 


ey 


Tarbathy - 

Blue Hill . 

Over Hill . 
Brimmond .. 
Caerlock . ° 
Mount Battock . 
Buck . . . 





| No. ‘Recip. 
Bearings. Objects. Bearings, of | Range. of 
Obs. Weight. 
o 2 / : o ¢ & “ 
5° 39 55°52 Dalkey Obelisk +] 311 47 53-031 2} 3:63} 3:29 
82 22 32-13 Brayhead Staff +1323 43 41-66] 5} 5:17} 1-25 
194. 25 16-54 Fairy Hill. 339 15 17-411 5 | 4:82) 1-451, 
274. 51 53°68 Kippure 1358 55 17-12] 8 | 5:63] OF! 


291 54 37°49 


DUDWICK. 


— 3-ft. Theodolite, B.0. 
From 1oth to rath June 1817, Observer: Mr. GARDNER. 


No. 
of 
Obs. 


Recip. 
Range. of 
Weight. 


a 


Bearings. Objects. 


SD | Ee PTE EES 


“ i“ / 


10-26 
Y aa) 
58-36 
9 38-95 
6 26-74 
7 11-26 | 
O a4 


Le) ‘t 
82 40 10-12 
*{ ILI 25. 43°69 
IIZ 54 31-29 
118 14 16+27 
| 180 4% 45-33 
©1256 42 38-12 
357 5% 36-86 


0-86 
0°59 
0:70 
" Ord5 
0-64. 
1-47 
1°89 


Corryhabbie - 
Knock. + « 
Bin of Cullen 
Manor Lee - 
Mormonth 
Little Stirling 
Layton 


Go Ook 


; 4°31 
10-38 


7 
12 
8 
6 
8 
4. 
9 


“yoo b DE 
+t O.O DW Bb ook 
bP H& H eH 


DUNKERY. 
g-ft, Theodolite, n.s. 


From 11th October to 4th December 1844. Observer:. Corp. Stewart, R.S.M. 


Objects. 


Se ee RY SSS 
es 


* 


Kit Hill 4 
Brown Willy 
adon Barrow 

| Referring-object ; 
Paracombe : 
Precelly 
Cefn Bryn 
Liannon 
Margam 


High Wilhays 














No, Recip. No. Recip. 
Bearings. of | Range. of Objects. Bearings, of | Range. of 
Obs. Weight. S. Weight. 
o ¢ 4 “ oO ¢ vw ’ i 
29 29 12-14] 10 | 6-66! 0-76 | Oomoor 177 57 0:96] 12 | 6-14| 0°49 
35 5 2°52) 3} I-40] 0-28} Liangeinor I8l 3 25-39] g | 730{ 0-81 
48 43 18-23] 71 4:23| 0-62] Cradle - 199 57 12:28] 13 | 8-53] 0-72 
54 34 50-26) 4} 3-01] 0-73} Dundry + + +] 247 58 11-47] 5 | 3°92} 9°73 
84 41 9:98/ 781 5.78] 0-04] Mendip - - 264 43 37°42) 12 | 4°49] 0°29 
94 23 24-27) 11 | 8-06] o--f7 | Staple Mill - go4 16 18-87| Of 5-51] 1-31 
137 4. 47:00| 41 2-58] 0-50] Pillesdon - -| 306, 31 49-10] 18 | 7-82} 0-47 
140 31 7-90/ 8 | 6-97{| 1-34] Dumpdon - -{ 391 37 50-84] 7 | 6-61] 1-93 
149 14 10-20] 1 - 6-32 | Little Haldon + | 356 31 27-90] 3 1°56 | 0°29 
170 4 935] 3 Ord 


1-98 





106 PRINCIPAL TRIANGULATION, 


DUNMURRY. 


| 3-ft. Theodolite, B.o. 
From 4th to 6th October 1846. Observer: Capt. Portiock, R.E. 





























_ No. Recip. No. | Becip. 
Objects. Bearings, of | Range. of | Objects. Bearings. of | Range. of 
bs. Weight. Obs. Weight. 









Cullenagh 39. I : 48-7 § *O Maynooth Obelisk 2,3 . 24. 6-93 


: I 
Cushing + + «| 88 19 52-22 27 | Hilt of Allen+ +|232 59 54-91 | 4 
Ballyduff * e e ‘TO5 47 14:60 : Lyons’ Full ® e 248 42 7°53 4. 

Knockastia +» +| 120 17 39+40 Kappure + * +|272 5% 26-21] -I 
Croghan s 8 (eo / 195 38 20-96 : ‘ Sheveroe >= ° * 297 33 23°54) 4 

1 |. 


Hill of Carbury «| 1971 35 36-56 | Lugnaquillia » + | 309 10 59-41 


DUNNET HEAD. 


3-ft. Theodolite, 3.0. 


From 5th to 18th November 1838. Observers: Licut.-Col. Rope and Lieuts. Roprnson and 
a. | | Prron, R.E. 


baa a 1, ee . e * i aS ae : 























, No. Recip. No. Recip, 
Objects, | Bearings. of | Range. | of Objects. Bearings of | Range of 
on | Obs. _ | Weight. Obs. Weight 
I. o 4 Ut Jo oO 4 4“ Ww 
} Ben Cheilt . «| © 37 52°94] -8| a-41] o-rr|Fashven + + *| 83 0 19-40| 21 2-977| 1-91 
}Scarabin~. . «| 14 29 35°80] 3 | 3-16] 1-38} Wart Hill Hoy -|184 0 o.45) .5 | 3:64] 0-63 
Ben Clibrig . «| 51 54 43°99] -6| 2-80] 0-37] Deerness - - */228 29 3-01] 1] -- | 3-21 
Ben Hutig . -| 79 16 48-32] 51] 2-91} 0-39] South Ronaldshay} 242 55 15-92| .5 | 3-67| 0-64 
DUNNOSE. 
3-ft., R.g., and 18-in. Theodolites. 
From 6th to 23rd July 1844. Observers: Corps. STEWART and COSGROVE, R.S.M.; 
| 4th and 5th August 1846. Observer: Corp. STEEL, R.S.M. 
mmm emma iS aaa a re 
| No. ‘0. No., Recip. 
“Objects. Bearings. of | Range ers - Objects. Bearings, of Range. ee 
. oo ae Obs. Weight. Obs. - | Weight 










































o U6flCUM “ Oo ¢ & |} a 

Boniface Down +} 3 40 12-69] 9 | 12:60) 3.38] Dean Hill. - - | 145 15 29°58] 17 | 4:89] ors 
} Wroxall Down +} 20 31 49:19] 9 | 20-34} 4.11] Beacon Hill - *'149 50 52-11| 6) 4:26] .1-17 
| Week Down + +{ 48 50 33°30] 21} 0:30] o-o2] Ordnance Map! 

Swyre Barrow +| 89 5 44°64) 9] 7:88] 0.98] Office + + +) 156 21 32-09] 20] G-s5] o-gr 
Shanklin Down +} 90 11 43°37] 9 | 15-52] 6-11] Inkpen + + ‘+ | 167 12 27-96|.19 | 5-56} 0-26 
Coringdon + +} 91 41 3-501 121 6-47| 0.49| Butser Hill + +| 200 58 27-85] 20 | 6-68] 0-30 
Blackdown + +} 95 5 6:85) 11} 4:61] 0.33] Rooks’ Hill - +! 225 42 56-53| 6} 3-67] 0-48 
Nodes Beacon’ -| 102 38 58-26) 2) 2-16] 1-16] Ditchling - + +; 247 18 4402113] 6-14] 0-39 
|Motteston: + -+|106 24 44:53| 6 | 5:27] .0-85 | Beachy Head 261 55 24°03] 19 | 7-91] 0-53 
Horton’s Gazebo] 116 57 5:54] % | 2-04} 1-04] Referring-object + |339 12 19-99 |tor | 7-62] 0-03 
Winereen: + +{ 122 50 5°64} 13 1 5°37| 0-37 | : 


| 


1 A correction of +1’ 22"°57 to be applied to this bearing, to reduce it to the trigonometrical station. 


mat FT epee Re ne . ody ae an Fee me 
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OBSERVATIONS. | 107 


DUNRICH.. 


3-ft. Theodolite, n.s. 
From 7th September to 3rd November 1850. Observer: Serg. Donenan, R.S.M. 





























No. Recip. No. Recip 
Objects. Bearings. of | Range of Objects. Bearings. of | Range of 
Obs. Weight. Obs. eight. 


(+) / 4] ° / ‘f 4 
Criffel + + °* +] 22 2-43:28] 20] 7-89} o-go] Hast Lomond *}178 16 58-45} 26} 8-41] 0-34 
"| Hart Fell - + +) 36 59 295-12] 12 | 10-42] 1-20] Calton Hill! . -|180 8 13-41] 3] 2-67} 0-87 
} Tinto - ; *| O4 20 55°61] 12 | 5-79] O54] Arthurs Seat- +/182 © 55-67} 5} 8-68] 4:52 
Hill of Stake « *| 106 47 32°53] 4 | 1-82] 0-27] Sayrs Law + + | 226 23 12-69] 24 13°54 0-56 





















































Dungoyne + +|126 22 53-01; 3] 1-85] 0-42] Referring-object + | 242 28 42-12 | 45 7 1-64 
Ben Lomond - 127 48 46-80] 17 | 5-15} o-r9] Mordington + +] 249 © 32-50] 1 _ 8-19 
| Bin of Giupates-< *}129 48 7-44] .7 | 6-21] 1-15] Blackheddon +» +-|264 8 52-39].15 | 5:29] 0-22 
Ben Cleugh + +/] 152 5 27-10] 34 |IQ-I0j; 0-27] Cheviot <« + + {278 36 11-46] 13] 11-38] I-45 
Carnethy Cairn . 169 41 15-19] 16] 6-57} 0-37] Cross Fell. + +1335 0 4+58| 20] 5-21] 0-16 
}Allarmoor+s + +| 174 36 53:36] 19 | 3:69| O-IO ED ee we c8 336 38 43° ae Bs J O02} O57 
1 A correction of — 4" 64 to be applied to this bearing, to reduce it to the trigonometrical station. 
DUNSTABLE. 

. | 3-ft. Theodolite, B.0. | 
From rs5th April to 29th June 1843. Observer: Serg. Donenan, R.S.M, 

No. Recip. : No Recip 
Objects. Bearings. | of | Range. of Objects. Bearings. of } Range} of 
| Obs, Weight. | ; Weight. | 
Scutchamfly - . 59 1 43 9:03 8 4-06 o-41 | Keysoe Spire- + 189. 44. 10: ‘41 9 4-60 "0150 | 
White Horse Hill} 66 7 52-12] x0 3°64| 0-15] Royston + + +1239 26 9-78] 71 4:09 0°63 
; Brill - - + +) 84 46 8-251 5 | 6-98] 2-33] Tharfield - - «| 243 29 49:83] 9 | 5-33| 0°63 
| Epwell, Old - +} 109 54 3-20] -8-| 3.25] 0-24] Epping Cupola -| 29% 4 35:15] 4] 2:08] 9°35 
}Arbury Hill - -/131 9g 52:32, 8 | 5-56| 0-82] Berkhampstead -| 292 43 21:72) 8] 8-451 1:35] 
| Hanslope ‘Church | —  f  " | Wryotham-:. “316 27 14: 86 4 5°91 0-96 
{Spire - 144 14 43°59) 5 | 5eay| xe7r] Leith Hill Tower | 351 25 21-66] 11 | 6-10] 0-55 
Naseby Chureh Tr. 152% 33 59:26! 7 | 6-34] 0-96] Leith Hill (1842) | 351 25 56-30] 10 | 5:60) 0-53 
EASINGTON. 
2-ft. Theodolite. 
From 25th February to 12th April 1846. Observer: Serg. Bay, R.S.M. 
No. Recip. . No. Recip. 
"* Objects, - - Bearings. of | Range. | of Objects: - ° - Bearings.” of | Range. | of - 

: Obs. Weight. : Obs. Weight. | 
poeechoe foes 15 45 15-49 7 5-62 1+15] Pontop Pike - -: 120 0 22-67 6 2:63} O-3t] 
<r pn Head + «| 41 58 40-39] 12 | 5-50] 0-30] Referring-object - | 128 38 55-031 75 | 4:92] 0°02 
3 rleig Crag . 80 40 59:20] 2] 2-79} 1-84] Wordeslow - +] 130 16 57:13] 15 | 1-30] 9°01 
Cole ber 93 9 30:36] 16] 5-57] 0:37] Cheviot + + -| 141 10 55-97] 11 | 2-80] Ornd 

BW rie Ss ‘10752 2371 67 1-7 7 


O|: o-14 sone Brow - 338 32 “51 ‘35 (3 {| 3-88 


— 


O02 


108 2 PRINCIPAL TRIANGULATION, 


EAST LOMOND. 
ft, Theodblite, no. 


From 31st May to 14th June 1818. “ Observers: Major-Gen. Conny and Mr. GARDNER. 
























































No. Recip. No. Recip, 
Objects. Bearings, of | Range. of | Objects, Bearings, of | Range. of |. 

. Obs. Weight. Ohs, Weight. | 

: o of & “ | o 4 4 | | “woo 

Allarmoors . . I 95 43:16 12 | 5:07) 0-29} Caerlock +» + +} 207 58 15°47; 1 as 8:04 
Tinto + + . «{ a1 4 16:75] 10] 5:83} 0-71 | Red Head, Old -| 226 58 15-57.| 3 | 2-62} 0-86 
Ben Cleugh . . 79 43 17°45 16} 7:15} 0-53!|Kellic Law + +|268 26 28:86) 7] 5-71] I-44 
Ben Lomond. .| 86 48 9:32} 5 | 3°91 | 0:94] Largo Law - + | 272 48 655) 13 |10-97] 1-28) 
Ben Lawers « «| 11g 2 37:87] 9 | 9:13} 3-25} Lumsden + +| 300 6 32-98] 4] 5:02} I-90 
Glashmeal © «1172 43 23-66 9 6-95 0-87 Sayrs Law - e 321 48 56-96 ge) 7-28 O74 | 

| Mount Battock «| 200 18 26-17| 4] 4:89] 1-50] Calton- - + +1355 47 29-10] 13 | 3:89| ova 

Craigowl - « -| 200 26 4o-18/ 17 | 8-48{ 0-55{Dunrich + + + {358 15 11°87] 5 | 4:36] 1-31 

EASTON CHURCH TOWER. 
18-in, Theodolite. 
From 12th July to 22nd August 1843. Observer: Corp. STEEL, R.S.M. 

a. | No. Recip. : No. ecip, 
1 Objects, Bearings. of | Range, of Objects. Bearings. of | Range, of | 
Obs. Weight. bs, Weight. | 

/ f/ / d/ fd 


Oo ff 
Naseby Tower -| 51 38:26:02) 8} 12-07] 3.841 St. Peter’s Church, | : 
Tilton - + +, -| 93 56 59°86) 8 8-49] x-51] Walpole -- +|257 16 40-54| 6 | 9-09] 3:00 
BuckminsterSpire | 145 28 55°47| 11 | 9-99] 2-27] Ely Minster - + {295 58 12-89] 41 5-48| 2-06 
| Boston Tower! -| 219 50 24°05) 10 | 9-03] 1-60} Keysoe Spire: + | 352 42 52:02} 9 | 4°59| O71 


een PE A ety yen rs ts aS PSS 


| 1 A correction of + 5”°31 to be applied to this bearing, to reduce it to the trigonomcetrical station. 


ELMS HILL, 


3-[t. Theodolite, n.s. 
From 18th March to rst May 1848. Observers: Corp. WinzeERr and Private Bats, R.S.M. | 


ee ra peer renee 





























; _ No. Recip. No. Recip. 
Objects. Bearings. of | Range, of Objects. Bearings. of | Range of 
. Obs. Weight. bs, Weight. 
a “ 


0 fv dé dé 
Ben More in Mull] (0 54 10-27] 27 | 10:47] 0-30] Ben Ival, North 
Ben More, South } Uist. . . «| 128 10 54-89] 2] 3-12] 2-43 


Uist> -« «= ° 108 21 55°30 28 6-30 0-21} Ben Nevis. . . 2.9% 58 35°71 | 3l | 11-571 0-37 
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_ OBSERVATIONS. rag 


ELY MINSTER. 


2-ft. Theodolite. 
ion agrd July to 29th August 1845. Observer: Corp. Bay, R.S.M. 

















| No. . Recip. No. Recip. | 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 

Obs. Weight. | Obs. Weight. | 

fe) / a i“ fe) / él ‘fe 

Tharfield « . 25.44 510/15 | 6-44] 0-32 | Walpole, St, Peter’s|175 48 2-86] 11 | 5:80 0°36 | 
Cambridge Obser- | ; Grey Friars’ oe os : 

vatory "Dome - 29 11 549|.7| 3-43| o- 3r| Iynn - > 193 12 15:24] 11 | “4-99 | 0°34] 
Keysoe Spire: +| 70 55 58-69| 15 | 3-60] 0-317 | Swaffham Sauk: 296 5 (97-3931 12 | 2-48] 0-07. 
Easton Tower 116 35 30-13} 25.| 5-02] o-r2| Brandon + + +|267 59 24:18] 21 | 6-73) 0-18 
Peterboro’ Cathe- . | Newmarket + +|325 1 8-10) 7 | 6-89] 1-72 

dral - + 119 45 33:18| 6 | 3-52]! o-51 | Balsham Tower +] 352 39 30:66] 16 | 8-377] 0-42) 





1 A correction of — 1°53 to be applied to this bearing, to reduce it to the trigonometrical station. 


EPPING POORHOUSE CUPOLA. 


2-ft. Theodolite. 
From 15th July to 18th August 1844. Observer: Corp. Bay, R.S.M. 

















No. Recip. , 
Objects. Bearings. of | Range. of Objects. Bearings, 
Obs. Weight. 





° / 4d ‘/ o / ff ‘/ 

| Severndroog Castle) 9 22 54:73! 8 | 6-16} 0-92] Dunstable + +) 111 35 39-86) 12 | 2-27] 0-09 
| Greenwich Obser- Tharfield . -| 162 43 60-14] 15 | 5:80] 0-39] 

vatory Transit: | 18 58 43:20| 7 | 2-70] 0-22] Thaxted Spire’ -| 208 25 13-79] 19 | 11-31} 0°55 
Leith Hill Tower | 30 30 33-72] 13 | 4:34] 0-31 | Danbury Spire 267 2% +54] 14 | 12-03] “1-09 
St. Paul’s, London| 35 55 6-22} 71} 6-91] 1-28 | Wollingbourne 321 55 58:07] 9 | 3:49] O20 
WestminsterAbbey| 37 27 26-30| 1 — | 7-16 | Gads Hill Obelisk? } 323 41 36-34] 2 | 6: 79 II+52 
Highgate Spire -/| 51 33 38-11| 8 | 3:75| 0-39 | Referring-object -| 342 30 4:97 |100 =! 
Harrow Spire- +| 65 43 10-32| 10 | 6-36| 0-55 | Wrotham - 345 19 50°541 15 | 7°35] O40) 
Berkhampstead! + | 108 47 45+54| 8| 7-02| 3-14 | 





1 A correction of — 188 to be applied to this bearing, to reduce it to the i Cporeree station. 


2A correction of — 2! 3 i 55 r - ” 


FAIR ISUE. 


3-ft. Theodolite, B.O. 
eaten Major-Gen. Cotny and Capts. oe and Drumsonp, R.E. 


\ 


“From 17th May to 3rd July 1821. 












Bearings. Objects. Bearings. 





Objects, 
Weight. 


























o / 4/ . 

7 Stronsay , 46 16 36-41| 7 | 2:22} or2}Foulas- «+ - 158 46 53° ‘90 13} 12°55] 1°23) 
Start Lighthouse. 55 3 23°42! 13 4°64. 0-281 Ronas - + «= « 185 19 43° -66 4. 2-10 0°29 
North Ronaldshay Prissa«. - * 204. 33 28-32] 13] 7:02 0-49 
pig tua 67 2 55°781 9 | 7-89] 1-06} Noss 207 44 50°54] 10 | 3°86] O44 

fatty EDN. 7O 12 2r-91]° QO} 5:79} 0-86 





— PRINCIPAL TRIANGULATION. 
FAIRLIGHT! 
3-ft. Theodolite, 3.0. 


From sth September to 6th October-1844, and from 29rd to 29th August 1822; Observers: “per > 


DonELaN and Priv. VALLE, R.S.M. Capt. KaTer and Mr. Garpner. 





























me) 





No. . | Recip. | eat No. |. . 
Objects. Bearings. a Range. os aie | Objects. Bearings. “ | Hap ge 
Beachy Head . 59 30 38:86] 14 | 5:16] 0-27 | Frittenfield 202 26 $-98 20 6.53 
| Ditchling - . «| 93 18 32:69} 16 |100-88) 0-82 | Tolsford *|231 57 5-491 49 | 6-88: 
| Brightling Obser- "| Paddlesworth- +}234 0 14:67| 16 |. 4:6 
vatory Dome -| 119 5 43°13} 19 | 6-67] 0-25] Polkstone - 238 47 20-841 53 | 8-27 
| Crowborough. .| 121 26 34°51} 36) 8-15] o-18}| Lydd Church- 247 38 28-55} 6 | 4-40 
Frant Church. 135 10 51°47, 19 | 7-761 o-45]Blancnez - + *+|265 36 39-21] 8 | 6-51 
Wrothum » + «| 154 32 66:38] 40 | 5:04] 0-06] Referring-object +|}276 5 8.93 |105 | — 
Goudhurst Church | 157 13 62-20} 12 | 11-62} 2-51 | Napoleon’s Monu- 
Hollingbourne 184 6 13°85) 13] 3-46 0-23] ment» + © +/281 45 15-871 71 5-96] 
Stede Hill. 186 29 10°79 | 38 | Io-21 0-29} Montlambert + +} 283 16 4-38] 6 5:10 
Tenterden Church | 192 37 18°29] 71 5:50] o-77] | 





1 General Roy’s station of 1787 bears 308° 4’ o”, and is distant 87°73 feet from this station. 


FASHVEN. - 
3-ft, Theodslite, B.o. 


From 25th September to 19th October 1839. Observers: Lieut.-Col. Rose and Licuts. Roninson and Prron, RE. 


























. No. Recip. . No. 
Objects. Bearings. of | Range. | * of Objects. Bearings, of | Range. 

Obs. Weight. , Obs. 

PS to& “ oO ¢ 4a 77] 
Cuinnag 12 48 33°30] 14.) 515] 0-91 | Wart Hill Hoy +} 246 40 30-42| 7 | 12-48 
Suilbheinn - 15 38 33°34| ©| 7-03} 2-39] Dunnet Head 261 42 1-64| 3] 8-58 
Cleisham - 60 6 53°49) | 1:02! 0-26] Ben Hutig 292 54 56-79] 13 | 8-98 
Monach 75 2 895] 41 645] - 3-34] Ben-Hope - - 314° 1 23-19] 7 | 5-32 
Cnocghiubhais 117 22 59:36] 5 | 12-83 | 10-20] Ben Clibrig - 321 36 40-471 16 | 9-83 
North Rona - a 


140 6 24°27 1-36} Foinnebheiun — - 


reyes * 


356 25 56-31) 5 | 8-31 









FEAGHMAAN, 
12-1n, Theodolite. 
From 18th to 21st August 1839, Observer: Capt. PortLock, RE. | 


























Repeated 
Angles 


Bray Head 


; 236 16 53°63 |. 
Mount Hiacle - 


296 21 26-22 


8-94 | Knocknadober 
22°49 | Knocknagante 


55 33 49°73) 4 
164 51 24°20] 3 





Recip. 
of 
Weight, 


Recip. 
of 


ae | Weight. 


4°23. 
9°29 
0:69 
0-92 
I-13 


Ee 


a s Recip. Recip. 

bjects. rings. O ange. of- }.. ; - Bearings. : 

0 jee S Bearing Obs. Weight. Objects, §s Ohe. & ait 
i tt a cr th ne pens 

ol.-lUCU dé > . s id 5 : - Oo f Ml -/ : : 
Bray Head Watch  & : Brandon . . -| 190 14 40°67 ; 

| Tower - 52 47 6:23). 4, 60-12 | Baurtreeaum . 228 2 14:02 |. 








neem ge SR et 


_ OBSERVATIONS. IIL 


FETLAR. 
3 ft, Theodolite, 3.0. 
From 2oth to 22nd August 1821. Observers: Major-Gen. Coty and Capts. Verc and Drummonp, R.E. 




























































No. Recip. No. Recip 
_ Objects. Bearings. of | Range. of | Objects, Bearings. of | Range. of 
| Obs. Weight. Obs. Weight. | 
| ee Head 8 17 39°29 6 o-s7 | Vallafild. . . 166 9 45-84 r= 3°04, 
Yell. 13°18 41-21] 14 7 5-93 | 0-39] Saxavord + + +) 183 7 30:85] 10 | 3-47 | 0-30 
Ro 56 18 50-78 | 21 | 3: sie Balta + + + +{/196 II 26-00] 10 | 4:33) 0-27 
onas st #1 73 25 4234/13) 3> | | 
' FINDLAY SEAT. 
' 3-ft. Theodolite, 3.0. | 
From 24th to 27th August 1814. Observers: Major-Gen. Contsy and Mr. GARDNER. 
. No. | Recip. No. |. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. |... Weight. Obs. Weight 
© / di tt tf ff 
Ben Macdui - -| 24 38 3°-54| 31 0-37] o-or{BenChiclt . - 174 27 AO'I5| 5 | 215 | O24 
Ben Wyvis_ + +} 98 33 33-31| 4| 5-46| 2-21] Binof Cullen. -|246 5 34:14] 18 | 5-43] 0-17 
Balnaskerrish. . 132 0 19:08; 9 | 9-27] 1-34] Knock: «+ « +|268 25 52-94] 17 | 5:57] 0°35 
Ben Lundie . .|i 134 10 42:64] QO} 4:72] 0-52 
FITTY HILL. | 


| 3-ft. Theodolite, B.o. 
From 31st August to 21st September 1821. Observers: Major-Gen. Corny and Capts. Vercrand Drusmonp,R.E. 
Se ee eg ee ee ee ee eee 



































Ob; ; No. Recip. No. Recip. 
cee Bearings. of | Range..| — of Objects. Bearings of | Range. | __ of 
Obs. i Obs. Weight. 












Wart Hill Hoy -| 24 24 6-46 15 |. on 0-20 | North Ronaldshay 















Ben Hutig + +! 47 22 36-28 5 | o81r} 0-05) Lighthouse 252 51 35:60] 7 |. 7:09) 1°73 
Foula - + + +} 207 49 40-42) 12 | 5.28} 0-33] Start Lighthouse | 271 17 27:27| 7 | 5°13 | 9°70 
FairTsle= + | 249 1 34:28; 14] 4-60! 0-287 Stronsay ; 309 9 19-18| 37 ,; 6-04| 0-08 

| Deerness + ; 338 46 8-75) 13 | 4:56 | 030 






FOLKSTONES 
3-ft. Theodolite, r.s. 


From gist August to 27th October 1822. Observers: Major-Gen. Cotby, Capt. Carer. Mr. GARDNER, and 
, | Mons. ARAGO. 


No. 























ee Recip. | No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 

Dungeness Light-| 2 1 ‘ South Foreland] §° / ” o 


19use 


Eee " + +1 37 59 31-30] 11 | 6-28] 0-55] Lighthouse. -|248 1 6-29] 3] 5°89 4:38 

qe eee " tt} 59 14 17-491} 17 | 4-75| 0-22 Notre Dame, Calais| 288 4 42:671 4} 3°37| 98° 

Lydd - . . _| 95 32 13°80] 21 | 4:49] o-z1]Blancnez - + +| 297 26 4:50) 24 6°35 eis 

Dover Castle. | 232 43 23°07] 3] 5:37| 3-32] Montlambert - -| 322 27 50-98] 24 | 5:53) O''° 
: 246 48 13-93] 14] 5:23] 0-29 


1 General Roy’s station of 1795 is distant 3 fect from Captain Kater’s of 1822, and bears from it 43° 55’ south-west. 


112 PRINCIPAL TRIANGULATION. 


FORTH. 
3-ft Theodolite, 2.0. 


From 16th October to 2nd November 1829. Observer: Lieut. Portiock, R.E. : 





















































To. Recip, No. Recip. 
Objects. Bearings. of | Range of Objects. Bearings, of | Range. | . of 
Obs. Weight | Obs, |- Weight. 
| oorer s o ¢ @ Mul QO 4s TS ee 7 
| Sheve Grian - «| 69 22 53-07) 3 | TOL! o-rr| Vinegar Hill. «| 181 40 26-47] 6] 6-42] 1-45 | 
Knockanaffrin - 87 55 7°13 9 5-19 1-34 Lugnaquillia 36 185 IO 57°20 3 2°53 | O77! 
Shievecoiltia » +} ge 56 53:83] 14 | 10-10] 0-93] Slieve Buy - +} 187 26 13-24] 17} 5-29] 0-32 
Slievenaman - -| 100 43 49° 7 | 4:78] 081] Ballyereen» « -{191 7 5°46} 5 | 14:24] 10-07 
| Carrickbyrne. - | 112 1 51:77.} 19 | 7:22) o-47| Croghan + - +1196 45-39-44) 7 | 4:82] 0-977 
Brandon + + «| 199 43'41:22] 21} 0-84] o-7] Carrickrew + + {201 16 46-76) 12} 6-74! O47 
Blackstairs “- «1147 32 57°91) 12 | 6-12} oss} Tara - + + «| 208 38 21-85 | 20 | 7-32] 0-30 
Mount Leinster «| 156 18 9°36} 131 3-99] o-17|Precelly - - + {287 52 45:05] 41 3:07] 0-83 
(Bree Hill - - «| 162 34 49-35] 8] 5:69) ova 
FOULA. 
3-ft, Theodolite, 3.0. a2 - 
From roth to goth July 1821. Observers: Major-Gen. Cozny and Capts. Vercit and Drummonp, R.E. 
uae _ ecip. eae ae a Recip. : 
: : arings. 0 : jects. ' Bearings, ; 
pute : Obs. |e | one ee mone Obs.) | Weight 
| oO ¢ 4 ae oO ¢ “ 
Start Lighthouse: 9 27 53°31; IT} ~ 4-72} Yell. - + * 230 25 11°38} 6 | 2-94] 0-31 
North Ronaldshay Noss [Head 269 33 49°44] 8 | I4-71] 4-45] 
Lighthouse: «| 10 31 54°75 | 19 | 8-93] 1.41 | Brassa + - 91270 43 44:62] 18 | 4-24] O12 | 
Fitty Hille + - 28 36 39°41 7 | 436 0-73 | Fair Isle + « 338 22 528 


Ronas + «:.+ » 219 I 41°38 12 7°75 0-49 





“ 


2 
O62} 20 | 8-653] O42 | | 
! 

| 


FOUR-MILE STONE. | | 


3-ft. Theodolite, 3.0. 
From 27th November 1849 to 6th J anuary 1850. Observer: Serg. DonELAN, R.S.M. 


er i A gS SS sc spss SS SSS SS PSUS 





























No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of | 
Obs. Weight. Obs. Weight. | 
6 . 2. a “ o of 4 | “ 
Winereens . . 49 59 50-78 | 15 §-03 0°59 {Thorney Down - 276 36 9-94] 21 | 12-72 0:63 | 
Westbury Down: | 128 12 43:21 | 16 | 6°03; 0-38] Queen’s Manor -/296 3 21:18|'30{ 6-70! 0-24 | 
Stoke Hill. - .{139 49 2:08) 17 | 10-21] 0-81] Old Sarum Gun - | 302 26 40°85 | 27 | 6-66| 0-38 
Milk Hil» - «| 180 46 9:28} 10 | 6-77) 0-65] Dean Hill. + -| 304 29 45°94] 36 | 8-66] 0-20 : 
Beacon Hill - -}232 24 45°97 | 24 | 10-55} 0-34] Old Sarum Castle} 308 28 58-60] 48 | 8-79] o-15 ) 
Old Lodge - -| 263.8 33-75| 13 | 7:08| 0-62] Salisbury Spire -| 325 19 51°80} 9 | 8-53] 1-27 


| Ege a a Sc ER aT mE PD I I A I RO I TE OE IE SIT EE ETAT E OLE EE: 





OBSERVATIONS. 113 


ERITTENFIELD. 


3-ft. Theodolite, 3.0. 
From 17th June to 21st July 1844. Observer: Serg. Donenan, R.S.M. 



























, No. Recip, No. Recip. 
Objects, Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


Fairlight Down . 22, : 1: 61 11 8 1-201] Wrotham. . - 108 ri i 15 08 | aif 
| Tenterden Church oer ont : Stede Hill . -| 116 46 33°33 4 a 2°92 | 
Tower + +» «| 934 12 10:37] 10 | 9-62] 1-74| Danbury Spire -| 162 25 27-96] 9 | 7-81] 1-08 
Beachy Head -| 38 30 13-78| 12 | 9-27| 0-88] Norwood - - -|179 46 36-71] 71 4:94] 0-84 
| Brightling Obser- Walton Tower -|203 2 35:14] 10 | 3°72] 0-26] 
vatory Dome -| 49 55 50:43] 13 | 4:31] 0-40] Referring-object-| 231 8 ro-rz {105 | 3-71 | O02] 
| Goudhurst Ch. Tr.) 68 45 26-86| 11 | 5-94} 0-68] St. Peter's Tower | 246 12 41-31| 11 | 7-58] 0-89 f 
Crowborough -| 7o 56 247-95] 11 | 5-24| 0-32] Paddlesworth -|295 34 15-78] 15 | 7-49] 0-60 
Frant Church Tr.| 73 23 29-99| 13 | 6-43] o-57|Tolsford - +1303 45 51:94) 7 | 5°52 | 9°95 | 
| Leith Hill Tower | 88 15 15-731 18 | 6-86 0-24 | Lydd Church Tr. | 349 51 32°33} 9 | 7:06| 1°50 


GAD’S HILL. 


a-ft. Theodolite. 
From 11th September to 25th October 1845. Observer: Corp. Bay, R.S.M. 


























: No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


a a Py A rps nen rn ten se PsP PP 


Qa ¢ tt ° / ‘i “st 
Severndroog + +| 101 50 59:30} 19 | 2-19| 0-03] Danbury Spire -| 192 46 53-69] 14] 3-87| 0-19 
St. Paul’s- . +-|106 1 563| 2] 1-39] o-421 Norwood - + +| 269 54 51°79| 19 | 2-49] 0°04 
Epping Cupola -| 143 54 55-62] 16] 3-69|° o-17 | Referring-object - | 307 11 50/07 | 71 = 
Langdon + + +/| 169 21 38-34} 81} 6:02] 0-78] Stroud Hill . -| 312 59 56-63) 5 | 5:66) 1:65 





GARFORTH CLIFF. 


3-ft. Theodolite, 3.0. 
From 26th December 1841 to 12th April 1842, Observers: Lieut. Hornay, R.E., and Serg. DoneELay, R.S.M. 






Range. 











Objects. Bearings. 
Weight. 


f ff ° f ‘/ df 
Woburnstand Mo- - © Acklam Wold -| 231 54 50-20] 15 | 10-32] 1-05 
nument- - . I 56 23°12 11-21 | 4-68] Wilton Beacon -|238 48 8-01 | 2] o-00] 9-00) 
Stain Cross - «| 23 45 54-10] 11 | 11-25] 1-71 | Nunburnholme -| 251 30 0-92 1-65 | O14 
Holme Moss - «| 53 35 8-07 2-88 | 0-38 | Hunsley Beacon «| 267 38 58-19 6-71] 318 


Great Whernside 135 54 5-89 10-74] 4:14} Crowle -- + +1297 46 53:93 


Black Hambleton 187 39 35-85 3-26 | 1-29 | Gringley Beacon: | 324 59 15-64 


8 
I 5 
5 .) 
| Boulsworth 94 50 20-54] 41 9°37} 6-43} Ledstone Beacon | 284 34 38-60] 13 9°88 | 0-95 
5 
, 3 


114 PRINCIPAL TRIANGULATION. 


GARREG. 
3-ft. Theodolite, 3.0 
1805. Observer: Major-Gen..Co.ny, R.E. 








Objects. 


: _ 4 ° / fi 
Arrenig + «+ . 35 33 31°50 5| O91] Gwaunysgaer +{116 2 46-61) 15 | 3-28] org 


7} 5:3 
Snowdon - 2 el 64 29 35. 39 6| 7°47} 1-89} Billinge .- - + 238 22 36:66} 4] 2-44} 0-61 
Llanclian - - -| 81 44 5°83) 14 | 7°32] 0-68] Delamere» - +| 280 51 23-441 4] 4.79 Igo | 
Orme’s Head + +} 96 56 29-26] 8 | 8-82) 1-75} Cyrn-y-Brain +] 343 20 34-91 | 12 


7°77 | 0°92 





1 A correction of + 5/'°46 to be applied to this bearing, to reduce it to the new trigonometrical station. 


GERTH or SCAW. 
4-in. Theodolite. 


From goth January to asad February, and on 19th April, 1847. Observers: Corp. STEEL 
and Private JENKINS, R.S.M. 





























































; No. Recip . No. Recip. 

Objects. Bearings. of | Range. of Objects. Bearings. of | Range of 
bs, Weight. Obs. Weight 

e) 44 “ ° 4 4 “ 
Balta - + + +{ 186 29 8-34] 30 | 70-00 | 20-59 | Saxavord + - 288 7 3:93] 29 |110-00! 39-98 
Nive Hill. . .- 195 9 12°51 31 | 93°34 30-82 
GLASHMEAL. 
3-ft. Theodolite, B.o. 
From 17th June to 2nd July 1818. Observers: Major-Gen. Cotpy and Mr. Garpner. 

No. Recip ; No. Recip, 

Objects. Bearings. of Objects. Bearings, of | Range. of 
Obs. i Obs. Weight. 




















° / Mf ° / Mf 
Ben Cleugh - -| 18 1 33:48] 7] 5-86] 1-25} Mount Battock -| 257 12 37-68} 14] 7-73 
Bin of Campsie -| 26 45 28-01] 41] 4-11] 1-13] Red Head, Old +| 297 46 35-20! 4| 3-36) 0-94 
Ben Lawers - «| 55 22 18-84| 6 | 3-84] 0-56] Craigowl - + +|329 © 10-371 14 | 6-66) 0.38 
Ben Amhlair + «| 84 49 45:20] 61 3-41| o-ne Kellie Law - - 332 17 59:88! 2) 0-131 ©-00 
Ben Macdui + +] 140 20 35-39] 3 | 3:12] 1-31| Largo Law - +| 338 53 28-67] 10| 5-37| 0-63 
Corryhabbie - «| 191 8 49:89! 9 | J0-42| 1-70 East Lomond .« 352 36 3:15] 15 | 10:04| O77 


GLASSERTON. 
 3-ft. Theodolite, B.o, 
5th and 6th August 1815. Observer: Mr. GARDNER. 























; ; No. Recip. : No. ecip. 
Objects. Bearings, of | Range of Objects. Bearings. of | Range. of 
Obs Weight. Obs. Weight. | 
pa ee ee ee eee 
0 / fi . f 

South Berule +} 12 6 56°53] 2 0:53 0-70 Cormemuror i ies 196 48 16+ 14] 8 3-89 0°36 
Mull of Galloway! 71 4 47:96| 8] 3-21] 0-32] Bencairn . . 243 49 39°31} 9 | 5:09] 0-65 
Cairn Piot + +/ 115 14 12-32] 4} 7°56] 4-01] Criffel- . . +} 244 35 58-331 4] og! 0:06 
Benereard- + +| 144 39 33°77) 9 | 5:43} 1-07] NorthBerule- -| 353 3 19:39} 41 6-16 2°97 
Merrick + - -/| 180 59 59:80} 41 5-04 2-08] Snea Fell. . . 358 30 23:64) 4 2351 0-58 
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OBSERVATIONS. _ ~ 


GOAT FELL. | ‘ 


3-ft. Theodolite, n.s. 
From 12th August to and November 18 52. Observers: Colour-Serg. DonELAN and Corp. GROSE, R.S.M. 























f No. Recip. No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
a Obs. Weight. -| Obs. Weight. | 














e Le) / ff 4 °o / ‘é » ff 

oe Donard +| 16 30 36:61) 6| 1-62| 0-09] Ben Cleugh + +| 234 24 to-01| 18 | 4°53} 9-15] 
pVivis + + 6 +] 295 99 29-95) 18 | 6-51] 0-22] Bin of Campsie «| 236 20 13-92] 14 | 6-46} 0-42 
Trostan +. «+ . 43 0 10-81] 12 | 2-95| o-1t7| West Lomond -/| 238 59 45-49| 8] 5:50| 0°66 
Carn-na-Leagh -| 47 ~2 59-84 15 | 10-86| 1-147] Carnethy Cairn -| 257 49 14:81} 12 | 3°35} O16 
Knocklayd ~- +| 52 52 33-93] 12] 5:07] 0-50] Tinto Cairn, New | 271 37 38-56| 16 | 4:50] O-17, 
Slieve Snaght «| 71 28 g5-91| 8} 4:31} 0-39| Hart Fell» + -| 281 21 39:62| 20] 8-26] 0-37 
Ben Tuire- - +] 74 39 36-69| 15 | 6:32] 0-37] Cairnsmuir on 

Ou+ + + « +} go 58 35-091 19 | 6-96] 0-43] Deugh + «+ +| 303 12 22-15 | 16 | 7:69) 0-34| 
Jura - . « «faz 28 14°23 | 19 7-50 | 0°33 Criffel - .- » » 3060 52 36-27 16 |. 3°89 o-18 | 
| Ben More in Mull | 150 23 3291 | 19 | 4:33 0-15| Brown Carrick + | 308 34 40-87] 14 | 6-38]. 0-53 | 
}Creachbheinn- «| 171 24 38-29] 18 | 3-48} o-09| Merrick - + +) 319 27 16:93) 16 | 6:04) 0-25] 


Ben Lomond - -| 208 51 9°33} 31 | 5:43] o-1t|Benereard» + + | 344 30 12:43| 13 | 4:15] 0°23] 
Ben Lawers - -|210 10 9-45| 24 |, 8-05| 0-29| South Berule- + | 348 15 25-73} 11 + 3°65 | 0-22 
Till of Stake. » 230 § 32:75 | 15 4:30 | O-I9 Cairn Piot - » 353 49 41°75 | 15 6+17 0°29 
Referring-object -| 233 2 2-31] 47 ~ 


GOONHILLY. 


3-ft. Theodolite, B.o. 
From 5th December 1845 to 17th January 1846. Observer: Serg. DOoNELAN, R.S.M. 




















e No. Recip. No. Recip. 
Objects. Bearings, _of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. bs. Weight. 


o 


Grade Church Tr, 8 38 31-11 14. 5-36 0-32'| Tregonning + +| 122 5 34024 20 5-58 0°23 


Lizard Lighthouse, Karnbonellis - +{ 166 35 14°75| 14 | 4:57] 0-2 
ast + + +| 10 1 57:07| 10 | 5-68] 0-46) Hensbarrow + +] 214 14 51:86| 14} 6-40} 0-52 
Lizard Lighthouse, St. Just, Windmill} 218 55 55:95} 6 | 3:95] 0:69 


West + + «| 10 24 15-68 
The Wolf Rock -| 76 17 4:58 

| Pertinney. +» +|10r 30 59-84| 2 
Karn Galyer- +| 113 10 27-42 


4-98| 0-86| Deadman - + +|234 I 27-22/ 13 | 5-62} 0-73 
2°38] o-314]| St. Kevern’s Spire | 265 55 22°77 | 18 | 6-15 | O20 
4:21 | oO-10| Referring-object + | 342 58 11:99} 77 _ - 
2Ql | O44 ; 


rn WWwWrO 


GORLESTON CHURCH TOWER. 


18-in. Theodolite. 
From 22nd December 1843 to 3rd February 1844. Observers: Corp, Sreet and Private M¢Naiy, R.S.M. 



























: No. Recip. No. Recip. | 
Objects, Bearings, of | Range. of Objects. Bearings. of | Range. of 
Ob Weight. bs. Weight. } 
Oo 4¢ Ut “ oO 4 # “we 
Seelae cae: 6 24 13-15} 2 | 6-98] 12-18] Norwich Spire -} 101 49 10-48] 9 | 8-19 > 1-80 
SE OWER’s 49 58 29:60] 10 | 14-50| 4-02| Happisburgh - -| 154 33 14°66) 16 | 12-61) 1°21 











116 PRINCIPAL TRIANGULATION. 


GREAT STIRLING, 
7~in. Theodolite. 
From 7th to 14th November 1850. Observer: Serg. STEEL, R.S.M. 


Bearings, 


Little Stirling »| 68 45 toy | 14 | 64-36 | 36-81 | Peterhead Old 
Windmill - -|177 5 41°90] 12 | 60-78 | 34:94 
Mormonth «+ +] 136 46 14:82| 6 | 28-61 | 39-01 Reform Monument| 169 56 21-60] 13 bee ae 





GREAT WHERNSIDE. 
3-ft. Theodolite, R.8. 
From sth to 2zoth September 1840. Observer: Lieut. Prron, R.E. 






























No. Recip No. Recip. 
Objects. Bearings. of | Range. of Objects, Bearings. of | Range. of 

Obs. Weight. Obs. Weight 
} oO 4 4 “t oO f 4 “ 
| Boulsworth + +| 10 41 56-66] 10} 6-65} 0-56} Cross Fell + +-| 152 29 1-83] 4] 3°53) 0-85 
| Whittle Hill. -| 17 51 18-30] 6 | 3-361 o-45 } Water Crag + +|166 38 6-29] 9} 3-13] 0-26 
|Pendle Hill - -| 3£ 16 42-51] 41] 3:09 0-68] Botton Head+ + | 244 56 47-85) 7 | 5:28) 0-66) 
}Ingleboro’> + +| gi 29 49:88] 5 | 3-77} o-vo}| Black Hambleton} 251 18 31-61} 4] 3:10} 1-04 
Little Whernside | 105 54 53:14] 21 0-13] 0-00] Wilton Beacon + | 282 11 33:60] 2 | 1-47] 0-54 
}Sea Fell » + +) 112 57 10-45] 5} 4-06] 0-88] York Minster +| 289 51 55°72] 31 5:31} 3°46 
| Helvellyn- +» -| 121 59 38-12 3 | 3:67} 1-64} Holme Moss + +1353 43 22-54] 3 


I-49] O30] 


GRINGLEY. 
r2-in. and 3-ft. Theodolites, 3.0. 


From 21st July to 26th September 1843. Observer: Mr, CAMPBELL. 
1801. Observer: Mr. Woo.cort. 









































No. Recip. No. Recip. 

Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. | 

 & / fé df o f fi é/ 

Sutton» + + +/ 34 28 6-68; 3 4-34] 2-38] NorthEnd of Base} 174 26 57°33] 5 | 11-44] 6-13 

Laughton Spire -| 84 22 43-81; 4] 9-94) 6-72] Axholme Church | 195 10 16-40] 41] 9:00] 6-24 

Clifton» + + +!103 58 34:28{ 9 | 4-36] 0-38| Crowle - + +1189 57 14:69} 17 | 11-66| 0-84 

South Endof Base} 155 9 40-68! 6 | 14:97 


7°83 | Lincoln Minster" | 309 37 48-29 | 64 1 24-89| 0-77 






1 A correction of — 14"+21 to be applied to this bearing, to reduce it to the trigonometrical station. 
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GW AUNYSGAER. 
3-ft. Theodolite, 3.0. 
st October 1805. Observer: Mr. Woo.corv. 


a a Ey Dr ne 


























; No. Recip, No. ecip, 
Objects. | Bearings. of | Range. of Objects. Bearings. of | Range, of 
| Obs Weight. Obs. | Weight, 











11651 4:20] West End of Base 76 28 29-29 
5:24) 0-90] Orme’s Head- -| 92 30 39°52] 31] 3-24 


° ( ‘é 
East End of Base} 52 14 31-79 
Moelfre Issa - + | 54 48 4:23 





! 
| 
| 
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OBSERVATIONS. 117 


HAMPTON POORHOUSE. 
3-ft. Theodolite, 3.0. 
1792. Observer: Gen. MUDGE. 





St. Anne's + +| 73 51 37-07] 8| 4:87 | 052 | Hanger Hill’. «| 203) 54 38:87| 7 | 4:56| 0-69 
King’s Arbour. 135 18 11-63] 2] 087] 0-18 


1 A correction of — 40! 55"+71 to be applied to this bearing, to reduce it to the Tower on Hanger Hill. 





HANGER HILL TOWER. 
3-ft. Theodolite, B.o. 
From 15th February to 7th April 1848. Observer: Serg. DoNELAN, R.S.M. 





























: Recip, No. Recip. 
Objects, Ran of Objects. Bearings. of | Range. | __ of 
Weight. Obs. Weight. 





St.Paul’s Cathedral 27d. I 5 33°12 13 | 5°58} 0-28 


Leith Hill Tower | 7 26 50-75 5°25 | Orly 

Hampton Ch. Tr. | 19 30 36-70] 51} 7:83| 2-54 | WestminsterAbbey| 282 29 30-79] 23 | 5:96| 0-21 

Hampton Poorho. | 23 16 46:19] 9 | 4:88] 0-46] Severndroog - «| 284 2 13-13] 12 | 6-50| 0-52 

St. Anne’s + -| 48 20 42-95| 12 | 3-06] o-15] Forest Hill - -|297 9 52-51] 17 | 10-15 | 0-46 

King’s Arbour -| 65 19 25-17| 2] 4:50| 5-06] Wrotham- - -|299 15 20-10| 12 | 3-60| 0-15 

Windsor Castle Banstead + + +1345 34 44:15] 10 | 3:64] 0-20 
Flag-staff . . 6 | 3-08 Kew Pagoda + +] 357 41 32°65| 61} 4:65} 0-61 






HAPPISBURGH CHURCH TOWER. 
3-ft. Theodolite, 3.0. 
From 8th to 30th September 1843. Observer: Serg. DoNELAN, R.S.M. 









No. 
Objects. Bearings. of | Range. Objects. Bearings. 
Obs. 











Norwich Spire .-| 3 5 5 46°73 9 4.89 1-09 | Referring-object - 148 28 59°61 34.1 7-62) 0-16 
Baconsthorpe Ch. Gorleston Tower | 334 24 44:62!| 4] 3:48] 0-93 
Tower - + +| 105 34 39-45| 4] 2°52] o-s0{ Tofts Tower - +1355 25 38-61] 3] 5:97] 4:20 


HART FELL. 
a-ft. Theodolite. 
From 3oth September 1846 to 4th March 1847. Observer: Serg. Bay, R.S.M. 























. No. Recip. No. Recip 
Objects, Bearings. of | Range. of of of 
Obs. Weight. ; 








| Criffel bd ° e e 





° rf ‘i 
: I5 39 21-01 | 17 | 9°52| o-53 | Cairnsmuir on 
| Ben Cairn. 29 0 49:92| 10 | 8-63] 1-26] Deugh- + +| 72 8 5go-y1} 4] 8-10} 4-76 
saris a of Goat Fell. + +] 102 50 17-50} 2] 2:90 ae 
4 ce ® ® . bad — . d 
Rccct "1 5I 37 52:45] 3 | 2-87| o-95] Hill of Stake» +| 119 19 4:25] 1 4 
Merrick + + «| 66 38 “o-10] 20 9-28 566 Ben Lomond +] 138 56 34:90] 13 | 6-62] 0-62 


118 


Objects. 


Tinto « °¢ 


Bin of Campsie 


Ben Lawers - 
Ben Cleugh 
Carnethy Cairn 
Allarmoor+ - 
Dunrich - 

Sayrs Law - 


Objects. 


{Goonhilly- . - 
| Karnbonellis . 
Carnbrea Monu- 
ment , 
Pertinney 
Karnminnig « + 
St. Agnes 
Referring-object - 
Trevose Head 
Lundy Island 
Lighthouse! - 
Cadon Barrow - 





° / éf 
I4l 9 23-99 
145 47 36-68 


158 20 12-23 
165 14 30-78 
189 24 58-51 
I9I © 50-92 
216 43 0-16 
222 59 54:81 


ie) / / 
34 39 53°52 
52 42 13-22 


59 36 12-23 
62 43 56°99 
67 52 6-09 
73,22 46-10 
78 25 55-01 


+| 140 28 53-94 


186 40 24-11 
195 22 26°65 





PRINCIPAL TRIANGULATION. 


HART FELL—continued, 


Cheviot « ° 
Wisp *. ae- e 
Cross Fell > 
Hich Pike = 
Burnswark + 
Referring-object » 
Sea Fell «- + > 


HENSBARROW. 
3-ft Theodolite, n.s. 











No. Recip. 
of | Range. of Objects. 
Obs. Weight. 


II | 3:93} 0-28} Brown Willy - 

10 | 5-27} 0-46] High Wilhays 
Kit Hill . . . 
3 | 3-87| 1-90} Butterton- + > 
Io | 4:27] 035} Maker Church 
15 | 4:36| o-20] Tower + + ° 
Io | 3-81| o-21{ Makers + + + 
11g | 5:93] 0-02] Barrow Hill. .» 


8 | 6-50] 1-02 Lansallos »- + + 
Eddystone Light- 

4 house «© «+ -» 

8|Deadman- .« 


| Bearings, 


1°] é/ ‘i 
°| 263 51 24°56 


2906 23 49°33 


+ | 322 57 24-32 


344. 13 30-01 
347 18 27-56 


350 20 29-89 |161 


353 23 17°97 


Oo ¢ 4 
213 37 15°93 


-1239 19 58-22 


247 50 56°34 
266 51 24°70 


274 5% 4468 
275 38 6-80 
281 45 46-62 
284 48 40-10 


299 32 15°24 
356 2 14-28 





24, 





From 18th April to 4th June 1845. Observer: Corp. Stewart, R.S.M. 











M/ . | 
IO | 13-20] 2629 


18 | 5:72) o18 
7} 5°7L) 1°36 


7°90 | 2-67 


7 
5 
4) 5°49} 2-00 
6 
O}| 2-271 O16 
6 


4:97 | 1-07 | 


7 | 6-02} O-gr | 
61 218] of8 


1 A correction of + 1! 38"+57 to be applicd to this bearing, to reduce it to the trigonometrical station. 
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HIGH PORT CLIE. 
18-in. Theodolite. 


From 2oth to 22nd July 1846. Observer: Corp. Stren, R.S.M. 


Objects. | Bearings. 


ee LCE A A a cE 


Boniface, SE. - | 


Littletown Down 








°o / “f 
123 2 6:33 























No. Recip. No. ecip 
of | Range. of Objects. - Bearings. of | Range of 
Obs. Weight. Obs. Weight. 


II 








18-99 4°75 


oO é ai 
149 37 54°63 





It 








5°35 | O24 | 
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OBSERVATIONS. T19Q 


ee HIGH WILHAYS. 


3-ft. Theodolite, 3.0. 
From 9th June to 20th July 1845. Observer: Serg. DonELAN, R.S.M. 




































. No. Recip. No. Recip 
Objects. Bearings. of | Range. j of Objects, Bearings, of | Range, | of 

Obs, Weight. Obs. Weight 

| eddystone Light- ae a : of 4 “ 
house + + +| 37 59 8-89] -5 | z-10] 3-51|Precelly + + +| 159 31 15-74| 14 | 6-22| 0-32 
jLansallos » + +} 45 42 42-32] 5 | 4:33} 0-90] Paracombe + -+| 190 53 16-78] 12] 6-78| 0-61 
pit Hil «+ -] 47 20 32-08] -5 | 815] 3-27] Dunkery - . +|209 9 24:23} 10] 6-89| 0-64 
Deadman + + +| 44 43 44:26} 41 2-22] 0-42] Mendip - « +|239 29 58-611} 12 | 5-97| 0-39 
Hensbarrow + +| 59 57 17°73] 13} 8-31] 0-97| Staple Hill « -/}245 50 43-55| 6 | 2-31] o-19 
Brown Willy» «| 76 6 47-23] 11 | 7-12] 0-65|Dumpdon- - «|254 31 so-g1| 4 | 3°53| 1-16 
Cadon Barrow -| 86 3 48-54| 7 | 3°42] 0-53|Pillesdon - .°+| 260 17 49:55| 17 | 4:37] O-18 
Bradbury Castle - | 122 23 38-45] 4 | 1-88| 0-22] Black Down » -|269 20 20:00] 61} 2-46] 0-30 
|Lundy © Island Swyre Barrow +|272 59 12:19} 8} 5:99} 0-95 
Lighthouse. +/ 139 17 21:39! 5112-761 6-67] Vern - + «© +©/|276 16 51-17} 8 | 4:28] 0-46 
Lundy Island Sta- Little Haldon- -| 290 55 24-94] 8] 4-17| 0-52 
5 | 9-34] 239 


tion: + + +} 139 18 57-28] 15 | 4:19| 0-13} Ryder’s Hill - -| 336 54 31-64| 1 


HILL OF STAKE, 


3-ft. Theodolite, 3.0. 
From 11th to 18th October 1816. Observers: Major-Gen. CoLby and Mr. GAarpNenr. 



























No. No. Recip. 
Objects, Bearings, of | Range. Objects. of | Range of 
Obs. Obs. Weight 





O87 0:08 | Glasgow Observ’- 262 1 3°49 
1-55 | o-26{|Dunrich + + «| 285 29 40-86 


1°) f ‘é 
Benereard. « - 7 © 49-11 7 
I 
6:18} Tinto + « « - 290 33 59:69 4 5°97 3°16 
5 


Goat Fell. « «| 50 26 51-47] 3 
Jura + + + +| 96 28 22-01] 1 - 
. 2} 8-48] 1x8] Cairnsmuir on 
I {| 4:52| o33| Deugh - + +| 331 27 28-14 
8 | 7-12} 1-18] Brown Carrick «| 356 30 17°30] 8] 5:71] 0-74 


Ben Lomond 190 55 39:29 | 1 
Bin of Campsie +! 241 44 41°58 | 2 
Corkmulaw + + | 243 33 58-59 


HINGHAM CHURCH TOWER. 


18-in. Theodolite. 
From 17th May to 3rd July 1843. Observer: Corp. Stern, R.S.M. 





No. 
of 
Obs. 


Recip, 
of 
Weight. 


Objects.” Bearings. Range. 











Objects. Bearings. 


Brandon . . . sr 59 7.87 5 | 8-87 3°40 | Norwich Spire - | 2 54 45. 1-51 II 10-58 1-90 

Swaffham Spire'.| 111 16 5-52} 10 | 20-13] 3-04] Bunwell Tower -| 314 24 6-53 ‘8 | 13-38) 4:80] 

Baconsthorpe+ +} 199 19 53-10] 9 | 7-83] 1-63] South Lopham Tr.| 357 19 21-58] 7 | 9:86] 2°94 

ets oo he tle ale eDiets Ben Wi Be a wl i Me a ne 
1 A correction of + 27''*64 to be applied to this bearing, to reduce it to the trigonometrical station. 


120 PRINCIPAL TRIANGULATION. 


HOLME MOSS. 
18-in. Theodolite. 
From 24th August to 11th November 1841. Observer: Corp. STEEL, R.S.M. 























. : No, Recip. : No. Recip, 
Objects. Bearings. of | Range. of | Objects. Bearings. of | Range. | _ of 
Obs. Weight. bs. Weight. 











| o 4 & / O ¢ @ 

| Kinder Scout» +} © 1 53-60! 10 | 13.64] 9-62 | Little Whernside- | 156 13 15-79| 3 

J Axedge_ «+ 7 18 51-72) 5 | 12-98} 7-26] Great Whernside- | 173 49 12-25] 8 : 

| Cyrn-y-Brain Tr!) 57 37 52°53] 2] 1-921 o-92| Garforth Cliffs +] 231 10 47-00) 2] 2-32] 1-34 
| Whittle Fill © *|/IIQ 29 750 8 8-479, 1°57 Staincross> °« °« 256 25 28°78 3) 4°54) 2°29 
Pendle Hill 143 25 17-21] 7 | 10-231 3-23 | Clifton - »-| 281 18 34°65) 3 | 2933] O72 
Boulsworth + +{/154 28 14:44] 12 19:53| 4-43|Back Tor- + - 318 59 43°84] 5 | 13:49) 8-65 


1 A correction of — 49”+75 to be applied to this bearing, to reduce it to the trigonometrical station. 


HOWTH. 
3-ft. Theodolite, n.0., and 7-in. Theodolite. 


From 29th November to 19th December 1829. Observer: Lieut. PorTLOcKE, R.E. 
From 28th August to roth September 1844. Observer: Mr. Gorpon. 






Bray Head 
Great Sugar Loaf 
} Douce Mountain 
or Joice’s Hill - 
Kingstown Obser- 
| vatory °°: * 
| Fairy Hill- 
Kippure «+ + ° 
| PoolbegLighthous 
Lyons Hill «+ > 
Maynooth Obelisk 
Dome of Dublin 
Obsérvatory 









Objects. 







Mizen Hill 

1 Bolus Mountain - 
Knocknaskerita - 
Knocknadober 
Brandon - « © 
Knocknagante - 
Colly Mountain - 








0 / ff 

% 2A%® WAWOd 
12 33° 4°81 
22 57 3:07 


24. 50 19°96 
38 10 38-44 
39 0 46-25 
57 34 957 
73, 38 46-50 
89 25 59°58 


95 4 50°46 


Bearings. 


2 7 40-28 
109 29 33°63 
119 40 3°43 
142 23 56-96 
152 40 53°60 
156 47 46-92 
159 2 13-74 


Mian bY BOAT 





5:14] 0-79 
6:57 | 0-25 
8-20] 1-13 
10089 |279-88 
6-97 | 0-42 
8-66 | 0-38 
5°82 | 063 
4°90} 0-25 
2°54.) O24 
3°73 | O45 


Garristown Wind- 


Loughanleagh 
Knockbrack - 
Slieve Gullion - 
Carlingford 
Slieve Donard 
Lambay Island 
Holy Head + + 
The Rivel- «+ - 
Collin » «+ » 


HUNGRY HILL. 
3-ft. Theodolite, 3.0. 
From 11th to 16th July 1832. Observer: Capt. Portiocr, R.E. 


Objects. 





Baurtregaum - 
Carn Thuil 
Mangerton: 
Caherbarnagh 
Slieve Buoymore- 
Carrigfadda 
Mount Gabriel 


134 39 59°21 
137 33 32H 
150 24 37°13 
164 3 51-83 
172% 39 28:30 
186 9 16-29 
104 35 27°94 
273 33 3°24 
291 26 27-92 


*1 359 34 19°55 






Bearings. 





° / 4/ 
177 29 31l4 
185 36 29-08 
213 50 28:36 
227 36 47°11 
241 47 12°34 
276 29 2-19 


+1309 44 6-62 


am) 


‘hese ot btn Ab 



















Recip. 
of 
Weight. 


I-61 
0-76 
0-52 
0°97 
0-05 
0-32 
0-64 


a ee ee 


OBSERVATIONS. 121 


INKPEN. 
3-ft. Theodolite, n.s. 
From and May to 24th June 1844. Observers: Corps. Srrwart and Cosgrove, R.S.M. 
No. Recip. 


Bearings. of | Range, of Objects, Bearings. 
Obs. Weight. 


Objects. 


° / fd 


| Nodes Beacon! 4 3 29:88 1:50 , Brill . ... +1206 55 58-75 11 


Beacon Hill . 


| Dean Hill. « «| 20 13 57-92 . Nettlebed - + +|232 32 33:81] 6 
*| 43 48 44-89 -97 | Windsor Castle 
| 48 oO 1-60 ‘lagstaff +» +|255 56 o-00; 5 


78 I 329351) 8} 4°55 -50 | Leith Hill Tower | 283 58 7-57) 14 

* ¢! 79 13 55°85| 6} 1620] 0-07 | Referring-object -| 319 9 39:94 |120 

ot + + + +1190 43 44:37] 1 - 68 | Butser Hill + -| 320 40 46-05 | 13 
Whitehorse Hill -| 164 3 57:29| 15 | 9-50 -77 1 Dunnose «+ - 346 59 50°48} 15 
Scutchamfly + +! 199 57 55-741 4 | 5-80! 2-17| Motteston « 357 58 35°85 | 10 


a a se Be IN ee tc Wt tet i eh eg eee Se 
1 A correction of — 6”+13 to be applicd to this bearing, to reduce it to the trigonometrical station. 





JURA. 
3-ft. Theodolite, B.o. 
From 30th July to 12th November 1847. Observer: Serg. DonELAN, R.S.M. 



































No. Recip. No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
Qo / ‘i a“ °o / ‘i Mf 

Trostans + + - 5 47 24-11 | 15 | 56771 0-34] Ben Nevis: + «| 211 26 1°32] 31} 6-19} O15 
Knocklayd + +| 10 48 52-09] 10 5°53) 0-54} Cruach-na-Sleagh | 215 29 41:27 | 17 8-87 | O57 
Oao- + + + BM 31 10 27-44] 12 | 6-78] 0-45| Ben Lawers + + | 236 22 15-88] 21 | 8-36 0°36 
Mount Sandy. -| 36 32 47-43] 11 | 8-25! 0-76} Ben Lomond. -+| 248 52 28:43} 12 | 6:06) O-51 
Slieve Snaght- -| 47 26 18-39] 19 | 3-69! 0-13] Hill of Stake+ +| 275 26 26-70} 5 | 4:97} 1+13 
Ben Tartevil - -| 54 41 18-95 | 12 | 6-67] 0-48] Goat Fell» + +| 300 47 51°72] 13 | 5°35| 0:36 
Ben Heynish- -| 137 32 32-73| 28 | 8-07} 0-19} Merrick + + +| 310 34 52°92] 14 | 3:04] O12! 
Ben More, §. Uist | 152 49 42°60] 9 | 4:01] 0-31] Ben Tuire- + + | 323 28 53°55| 14] QOL] 112 
Ben More in Mull| 179 24 7-32! 21 | 9-65]! 0-36|Carn-na-Leagh -| 347 44 21-69] 5 | 1:36] O70 


Creachbheinn+ + | 200 55 11-74] 6] 1-62] O10 


KARNBONELLIS. 
3-ft. Theodolite, B.0. 


1796. Observer: Gen. MupcE. 
















Bearings. 





Objects, Bearings. Objects. 





6 / fi 
Buryan + + . 67 20 29-93 5 0:88 0-03 | Hensbarrow » + | 232 23 16-62 
Karnminnis + -| 93 43 28.2 -64.| 1-49] Deadman - + + | 261 43 41-41 
3 4); 7 | 7:04 49 
St. Agnes: + +] 183 26 59-87] 8 | 2-86] 0-23 





Q 


122 PRINCIPAL TRIANGULATION. 


KARN GALVER. 
18-in, Theodolite. 
From 24th August to 12th October 18 50. Observer: Corp. WOTHERSPOON, R.S.M. 








a ‘No, Recip : No, 
Objects, Bearings. of | Range. of Objects. Bearings. of | Range. 
Obs. Weight. Obs. 























“ 1°) 4 4 “l 
| Pertinny » . 19 29 14: 2% |14+56| 1-06] Trevose Head +| 223 52 6-61) 15 | 12- 
i St. Agnes Light dg . Brown Willy: : 236 15 34:86 : 336 
house . . 60 15 3:65); 12 | 11-37] 2-16] Karnminnis - + | 239 51 33°54} 25 | 14°55 
Peninnis Windmill 60 16 58-20] 12 | 9-09} 1-62] Hensbarrow - +] 246 28 33-39] 16 | 19-96 
Telegraph Tower| 62 16 2:95] 12} 8-34| 1-11] Carnbrea Monu- 
St. Martin’s Head | 64 57 37-51] 12 | 12-20] 1-68] ment ~- + +|256 26 24:81] 37 | 15-86 
Beacon Hill, Tres- Karnbonellig + +|265 52 9:59] 21 | 7°55 
cow, Watchhouse) 66 41 47-82] Il | 15-36! 3-46] Goonhilly- + +} 292 50 I-10] 17 | 10-28 


1 A correction of +- 1’ 3"*15 to be applied to this bearing, to reduce it to the trigonometrical station. 


KARNMINNIS. 
3 ft. Theodolite, 3.0. 
From 7th to 27th October 1845. Observer: Sere. DonELAN, R.S.M. 















; . No. Recip. ; No. 
Objects. Bearings of | Range. of Objects. Bearings of | Range 
bs. Weight. Obs. 

















“ / a“ 

5:20} 0-27 | Carnbrea Monum' 261 42 51-32 7 | 4-28 

5°86 | 0-93] Karnbonellis - + | 273 29 24:80) 13 | 8-76 
St. Keverne epne 296 27 9:87) 64 2-55 


Pertinney- + - 39. 10 57-56 | I 
Karn Galver + -! 59 55 4:87 
St. Martin’s Day- 


; 

mark! . . . 64 26 7°15 6 6-32 1-37 Tregonning + {| 303 5 26: -60 I4 | 5°52 
.@) 
2 


Trevose Head +| 221 58 46-52] x -98 | 0-66 | Grade Church Tr. | 313 36 20. I 8. 
Cadon Barrow + | 228 53 39-16 re 6-81 | Lizard Lighthouse, oe fa = 
Brown Willy - . 236 I 12:03 2 0-80 | o-16 Teast. «' « « 317 33 37°24 q 4°97 
St. Agnes Beacon | 240 59 26-70} 10 | 3-83] 0-25 | LizardLighthouse, 

Hensbarrow + +; 247 19 1-71] 14 | 8-60] 0-70] West + + -| 317 39 17-48| 8] 2-24 


lA correction of + 39°58 to be applied to this bearing, to reduce it to the trigonometrical station, 


KEEPER, 
3-ft. Theodolite, B.o. 


From 16th September to 29th December 1830, and from ee May to roth July 1831. 
Observer: Capt. Portiocr, R 




















: ; No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. 
Obs. - | Weight. 





| oO ff 
5:74| 0-83] Bencorr + + »+| 129 58 10-94 


5°64) 4-17] Nephin - + +} 152 45 54°75 
2:21 | 1-22] Slieve Bawn, S. +| 186 43 19-14 


o / i 

Knocknaskagh +| 9 20 44-75} 9 
Caherbarnagh +} 38 16 20-51| 3 
Taur «+ «+ © ° 46 8 20°94 2 , 
Baurtregaum+ +| 61 0 2-04] 6 | 10-91} 4-69] Cuileagh - + +/ 190 18 42-04 

4 e 

5 + 

3 


4°57 | 1-69 | Knockastia 208 35 12-30 
Meelick - + +! 83 39 17-13] 1 9:69} 0-72 | Croghan 224 29 21°65 
Slievecallan - +-{ 98 42 7:94) 13 | 6:29] 0-46 Arderin » . - 231 32 30-78 
Gortourka + +/106 10 3-96; 8 | 4-50} 0-54} Kippure - + +} 249 6 44-84 
Slievecarran + +|127 36 19:24) 251 9-57] 0-28} Cullenagh. +» +} 251 4 23-56 


/Knockanore + +| 74 59 26-98 


i) 
COO BLO DAO Hw QL 
(n 
oc 
H 


po 












Weight. | 


1°37 


4°49 | 
1°14] 


2°76 


0:61 | 
0-31 


0°75 
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OBSERVATIONS. 123 


KER PE R—continued, 


, : ; Recip. 
Objects. g Objects, Bearings. 1 of 
Ob Obs. 


Weight. 


°19 ° ° 4 4 “ o 4 4 
Devil’s Bit" * 9/251 27 52-19] 89 | 8-61] 0-06] Slievenaman - - | 306 56 58-70 0-71 
Lugnaquillia - .} 958 4 1:37! 3] 5-43] 3-87] Knockanaffrin +] 317 52 7-12 0°45 
Mount Leinster - | 274 50 2:59{ 9 | 6-97] 1-10] Knockmealdown: | 337 54 57-82 0-56 
Blackstairs 282 17 45:29| 2] IeIT]} O30 Galtymore © 61352 33 O52 O31 





KELLIE LAW. 
3-ft. Theodolite, n.s, 
From 15th December 1846 to 6th March 1847. Observer: Corp. Winzer, R.S.M. 




















. ; No. Recip, No. Recip, 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range. | of 
Obs. Weight. Obs. Weight. 


2 oO ¢ 4 oO of 4 

Carnethy Cairn . 34 30 5-44) 11 | 6-80] 0-68] Mount Battock «| 181 42 45:29] 22 | 5:64] 0-22 
Allarmoor - s +1 35 8 20°27 41 4:86] ot Caerlock « + + IQI 45 36-06 7 8-18 | 1672, 
Arthur’s Seat +} 35 11 52:83] 14 | 7-73] 0-67| Red Head + -| 203 21 47-11.| 15 | 8-94) 0-60 
Calton Hill! . . 37 42 43:20| 6] 6-34| 1-38 | Isle of May Light- 

Largo Law 80 3 47-791 17 | 8-36} o-544} house + + +| 296 38 22-40) 14] 7:45] O-54 
Kast Lomond: -| 88 48 23-45| 25 | 12-74] 1-35] Lumsden - + +1316 27 40-61| 31 | 8-37] 0-18 
Glashmeal- . «| 152 47 14:05) 17 | 7-91| 0-67|Sayrs Law + +|351 14 7-12] 30} 13-05| 0-43 
Craigowl - + + | 156 36 47-70] 19 | 6-39] 0-27 


1 A correction of ~1"*81 to be applied to this bearing, to reduce it to the trigonometrical station. 


KEYSOE CHURCH SPIRE. 
18-in. Theodolite. 
From 9th March to 8th May 1843. Observers: Corp. Street and Private M°Natty, R.S.M. 












: aes No. Recip. ; No. Recip. 
Objects. Bearings, of | Range. | of Objects. Bearings, of | Range. | of 
bs Weight. Obs. Weight. 


























fe / 4f Mf 
Dunstable - +t 9 49 19°77) 7 | 4:08] 0-55] Easton Tower 
Hanslope Spire -| 60 57 14:97| 8 |14-49| 6-84] Ely Minster - 
NasebyChurch Tr.| 113 22 1-45] 61] 4-48| o-go| Royston - -; 
Tilton. - « +|146 2 19:03] 13 | 4-43| 0-21] Tharfield - 


1°] / ft ff 
172 49 11-20] 5 | 4:66) 1-08 
250 22 54°76| 11 | 14:37} 2°64 
312 17 37+54| 6 | 12-59] 6-16 
313 44 2:06} 6 | 1-02] O%7 


Sa AE PE EM SS EE PC Sc A pai EE EP eA IS EE ES mE ERS TT ET OA TE TEL IS LI 


KING’S ARBOUR. 
3-ft. Theodolite, B.o. 
May 1792. Observer: Gen. Mupce. 





























= . 
No. Recip. No. Recip. 
Bearings. of | Range. of Objects. Bearings. of | Range. | __ of ; 
bs. Weight. Obs. Weight. 





’ 9 / Mt “l be 
St.Anne’s- .. . 2.9 28 45-94 5 2-00] o-2I Banstead, Old’ - 317 42 22-70} 3 | 9:97] O° 
| Hampton Poor-ho. | 315% 14 12-06 5 | 250] 0-95 





1 A correction of + 10”°o4 to be applied to this bearing to reduce it to Banstead, New- 


Q 2 


124 PRINCIPAL TRIANGULATION. 


KINGSTOWN OBSERVATORY. 


4-in. Theodolite. 
Observer: Mr. H. Gorpon. 


Ist and 2nd October 1844. 







































; No. Recip. . ; No. Recip. 
Objects. Bearings, of | Range. of Objects, Bearings, of | Range. of 
Obs. Weight. Obs. i 
‘ oO ¢ &@ y) 
Poolbeg Light- 
house + +} 166 48 11-58 | 12 1117+13|159°56 





KTPPURE. 
3-ft. Theodolite, 3.0. 
From roth June to 16th July 1829. Observer: Lieut, Portiocr, R.E. 
































0. Recip. No. Recip. 
Objects. Bearings, of { Range. of | Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. | 
o / ‘/ Oo / ff df 

| Ballycreen + + 4. 35 21-03} 10 6-13 o-r4 | Slicve Gullion -| 176 23 26-53| 2] 6-46] 10-43 
Lugnaquillia + +| 20 46 22-26] 30 | 7-84} o-19} Dublin Observ’ -} 178 55 36-47| 13 | 4:41| 0-36 
Knockanaftrin! 40 58 38-24) 8] 4:08} o-97]|Castlecoo- - 183 48 19-58] 4 | 3:64] 0-94) 
Galtymore - 54 47 43:-41| 4] 5:47| 2-371 Slieve Donard 193 31 23:96); 12 | 8-31] 08% 
Cullenagh - 68 33 57°24. 4 5°87 2-281 Howth.» - ° 218 48 5°63 34 | 10°03 0-20 
Keeper + + +} 70 39 14-01} 7 | 7-05] 1-48] South Berule 224 48 35-40} 2] 0-331 0-02 
| Slieveroe - 86 39 39:00] 3| 7:67] 6-85 | Moel Rhydladd - | 258 40 49-72| 4] 3:21] 1:06 
Dunmurry 93 26 26-96; 8 | 6-45} 1-13} Holy Head *| 261 35 19°02; 41] 5-21] 1-79 
Croghan 106 52 36-51| 18 | 12-75 | 1-04} Snowdon « 273 43 11-82| 4 | 2-61} o-4g] 
Knockastia og 7 17°74| 2| 3:62| 3:27) Rhiw + | 287 55 59-56| 1} — | 8-40 
Lyons Hill + -| 132 39 15-38] 22 |14-66| 1-00] Precelly - +1321 46 7-25) 7 | 5:47} 0-90 
Cuileagh . 139 56 47-421 3 | 2-89} 2-53{Colln- + . 328 13 17:36{ 3 | 1-23] o-18 
Loughanleagh 155 16 50-91] 9 | 11-06{ 2-13| Tara + + « +/ 351 45 12:93] 7 | 5:07| 0-60 








1 A correction of — 6’°25 to be applied to this bearing, to reduce it to the trigonomctrical station. 
SS sss sh rer pe ree i fs SSS SS i SS 
KNOCK, 
3-ft. Theodolite, 3.0, 

From 4th to r4th August 1814. Observers: Major-Gen. Coupy and Mr. GARDNER. 






























a a 
: No i 
Objects. Bearings. of | Range. f 
Obs. 









° 4 og¢ tM“ ce) / ‘é - “fl 
Buck + + ° 19 4 21 16 -07 | O: Cowhythe - ©1211 51 952] 12 0-2 
Findlay Seat - «| 88 49 34-18 | 12 5-98 o:49| Manor Leo + «| 262 30 22-43| § 56 0-83 
Balnaskerish « 116 1 41-42{ 4x _ 8-72, | Mormonth 267 2 10:33] 13 7-361 0-84 
Ben Lundie - 121 27 18-73] 21 0-84] 0-17] Dudwick - +} 290 48 21°93} 13 | 4-60 0-35 
Bin of Cullen 147 10 15+30| 11 | sor | 0-56 Caerlock - 346 © 56-59 9 | 11-62{ 2-48 
| Ben Cheilt - 156 43 39°68] 5 | 4-54{ 0-87 | Mount Battock + | 358 20 12-72| 5 | 15-61] 5-90 





pe fle, ea tide Seale 
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Aas TES fee =F ete ethene Seat jeumee on. 
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KNOCKALONGY. 


18-in. Theodolite. 
From 8th to 15th September 1828. Observer: Lieut. Murray, R.E. 























: No. Recip. No. Recip. 
Objects, Bearings. - of | Range. | of Objects. Bearings, of | Range of . 
Obs. Weight. Obs. Weight. 





.¢] / Mf Ml fe) 4 od 
Knockma- - +| 9 36 17-20] 2|14-13!49-91| Truskmore + +| 231 28 35-17| 8] g:o1| 3-24 
The Reek . . 51 3 30-33] 7 | 20-62) 10-77} Cuileagh - + + | 268 55 29-98) 6) 14:05| 7-48 
Nephin « + -| 63 23 43:33] 10 | 20-16] 5-87] SlieveBawn,South| 319 7 24-77] 1 
Tawnaghmore -| 101 53 12:60| 4|10-52| 7:22] Mullaghanoe . -| 355 22 45-87] 3 
Slieve League -/| 183 51 57-16] 11 | 11-48} 3-04 


KNOOKANAFFERIN. 


3-ft. Theodolite, B.o. 
From 3rd August to 4th October 1829. Observer: Lieut. Portiocs, R.E. 


No. Recip. No, Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of | 
Obs. Weight. Obs, Weight. 
































| Slieve Grian - | 21 50 30-97 13 5:64 0-32]Cullenagh» - - 196 19 53:37 Ig | 8-30] 0-39 


| Doolieve - + +| 47 36 42:49! 6| 2-24] 0-20] Kippure - - «| 219 58 51-93| 9 | 12-26] 2°32 
Knockmealdown | 73 30 34-99 | 34 | 11:41 | 0:23] Lugnaquillin . +} 224 38 7-21] 10 | 5:25 | O44 
| Baurtregaum- -| 87 29 20.21 3:28 | 1-26] Ballyereen + +|229 8 15:52] 4] 5:49] 2:40 


09 


Tour + + + +| 87 32 38-00 4:06 | 1-14] Mount Leinster + | 235 46 55°53} 23 | 7°87] 2:39 
|Galtymore + +|102 7 14:18] 21 | 7-25} 0-29] Mount Brandon -|239 3 33°91] 2| 2:01] 1:01 
| Keeper » + +1138 24 26-57) 35 | 8-58] o-1g|,Blackstairs -. +} 240 58 44:64] 19 | 6:00} O24 
Devilsbit - 159 15 20:14] 17 | 9:57] 0-62 Carrickbyrne - +} 260 16 50-01 | 10 518 | 0-43 
} Arderin 176 41 7:04] 9g 10:03 | 1-82| Slievecoiltia - + | 262 33 20-40] I4 6°39 | 0-32 
Slievenaman - + 185 7 44-741 36 4.77! 09-20] Forth Hill + +|267 6 37°33 8 | 3:92} 0:39 


| 
=a 
KNOCKASTIA. 


3-ft. Theodolite, B.o. 
From 21st to 24th September 1836. Observer: Capt. Portiocr, R.E. 





























No. Recip. ; No. Tee 

Objects. Bearings. ne Range. Woe be Objects, Bearings. a Range. eight 

Corr Hill : . 3 / 4/ i K k ' : ° , g. 2 1-81 0-81 

-| 40 55 58:85] 2] 0-68] 0-11 | Knockeyon 229 IQ 857 Sah 

Monksland *| 84 47 23-14; 3 | 4:84] 2-60] Croghan + + +] 293 50 26:08} 5 | 9:02 sae 
SlieveBawn, South] 137 5 23-95; 1| —- | 3-82|Ballyduff - - +|335 41 59°34] 3] 4°47 

| Carn Clonhugh “1172 14 56-67 2 2°22 1:23 | 





126 PRINCIPAL TRIANGULATION. 


KNOCKLAYD. 
3-ft. Theodolite, 3.0, 


From 8th July to 17th August 1827. Observer: Lieut. Portnocr, R.E. 





























Fe QO. Recip. ; : 
Objects. Bearings. of | Range. of Objects. Bearings. of Range. er 
Obs. Weight. Obs. Weight. 








4 Mi 


e * 6 d 1°] / 4d 
Slieve Gallion -| 934 31 ai6i8 17 | g-21{ o80]Jura + + + +} 190 36 34:79] 22 | 8-57] oa] 
Carntogher + +] 47 53 10-36| 11 | 7:52] 1-19] Ben Lomond: +|220 58 54:41] 6 | 5-83] rqx 
Sawel + + + «| 53 16 36-63| 31 |13-00| 0-46] BenTuire- + + {223 38 7-85] 34 | 11-46] 0-32 
| Benyevenagh- +} 83 3 35-29] 61 | 9:32| o-12] Goat Fell- + +|232 0 6-81} 4] I-50] org 
Scalp - + + -| 84 0 33-00] 15 | 8-37| 0-81] Carn-na-leagh +| 240 39 52°96] 42 115-46} 0-46 
Eiskaheen + + +| 84 50 25-17] 10 | 6-70] 0-63} Cairnsmuir on 
Mount Sandy -{| 93 11 12:09} 17 | 5:27} 0-17] Deugh + + +| 264 33 30-14] 21] 3:05] 2-32 
Slieve Snaght -| 93 36 47-49| 31 | 7-86) 0-21] Merrick +» + +|270 33 19-86] 1 — | 12-48 
Magilligan Tower | 94 33 1+52| 23 | 13-18| 1-24] Bemereard +» -| 276 38 33-29] 12 | 14-43] 2-15 
Ben Tartevil- -|169 3 29-57| 31 | 10:12) 0-39] Cairn Piot + +/ 292 52 32-93] 9 | 8-33) 1-23 
| Mull of Kinoe + | 173 46 28-91! 7 | 14:24] 5:36|Nachore + - +/ 312 1 43-371 § | 6-30| 1-94 
Oa se © © #1597 3 53°87} 41 | 12°92} 0°39 Trostan > s +1334 43 48-07] 45 | 16-65 0°34 
Searribh + +» +] 184 13 45-61 13 | 6:08} 0-44 Divis + + + +| 346 13 22-81) 31 | 13-67 0-48 















KNOCKNADOBER. 
c2-in. Theodolite. 


From 21st to 31st July 1840. Observer: Corp. Donrnan, R.S.M. 































: No. Recip : No. Recip. 
Objects, Bearings. of | Range. of Objects. Bearings, of | Range. of 
Obs. Weight. Obs. Weight. 


eaghmaan ‘. -% 56 24. 59°72 7 10-09 3°76 Knocknagante ° 303. 48. 24-70 7 20-89 13°92 | 
1 Brandon - 8 ® 168 38 13°26 5 644 2°54 Hungry Hill * e 322 5 59°12 2, 2°97 2°20 
Baurtregaum +. «| 224 43 0-66] 6 12:97 | 6°49 





KNOCKNAGANTE. 


12-in. Theodolite. 


From sth to 13th May 1840. Observer: Mr. BEALE. 


mma AA Stn eammrmrmn em aterm aeeta nesta dia 
. ‘ No. Recip. No. . 
Objects. Bearings. of | Range. of Objects. Bearings. of j Range ae 
Obs. Weight. Obs. Weight. 





























oO 4 Wf a oOo /f & 
Feaghmaan + +| 96 41 45-16] 5 | 21-69 29-37 | Baurtregaum+ <{I91 46 25-13 és 8 : 
Knocknadober +|124 © 21-73) 61] 13-721 6.69 Hunery Hill > «1336 41 35-61 j ae 30.88 
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KNOCKNASKAGH. 
3-ft. Theodolite, B.o. 
From 21st to 30th October 1831. Observer: Capt. Porriock, R.E. 























Objects Beari ae. R Ae Ob BL es “TR oa | 
. earings, : jects. ings. 0 anpe. 

e ae eal Weight. — ote Obs. : Weight. | 
a ee tek ce arn a ee 
| ° oO ¢ «4 “ oO ¢ 4 i 
Doolieve + + . 2 46°33-79| 61 770| 2-01] Taur - + + + {107 23 42-51) 8 | 10-59] 2-63 
Carrigfadda - +} 42 13 12-39) 5 | 9:04] 3-77] Slievecallan - +|145 27 44°52] I] - 13°87 | 
Clara Mountain -| 47 st 52.36] 41 g-98|10-51| Knockfeerina +/|148 7 17-38| 9 | 8-66| 1-45 
| Slieve Buoymore | 64 22 28-79| 4] 5-27] 2-52] Keeper + + +|189 12 33-46| 10] 8-58] 1-84 
Mushramore - +} 74 41 58-30] 6} 5-31| 1-04]Galtymore + -|211 1 4:96| 8 |13:26| 4-co 
Mangerton + «| 98 29 22-87] 2] I+Ig}] 0-35] Slievenaman + -] 238 43 20:05} 3 | 1:85} 0-40 
| Caherbarnagh -| 80 52 49-:09| 7 | 8-54 2-32] Knockmealdown-| 249 1 37:95] 7 | 6-10] I-04} 
Mount Hillary, S.| 89 11 23-51} 11 | 6°73] 0-80] Slieve Grian » «| 279 21 42:05] 9 | 16-35] 4:23 
Mount Hillary, N.| 90 51 37-00] 12 | 5:75} 0-46] Bunnaloo- - -| 288 11 27-47|} 7 | 5:14] 0-82 
| Baurtregaum + -| 97 11 18-52} 4 | 11-33] 8-16 


LAWSHALL CHURCH TOWER. 


3-ft. Theodolite, B.o. 
From 27th November 1843 to 28th January 1844. Observer: Sere. DonwELAN, R.S.M. 


























: No. Recip. No, Recip. 
Objects. Bearings. of | Range, of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


Oo / ff / ff 
Thaxted Spire - 49 41 51-60] 3 5-63 3°84] Hingham. + = 200. or 1g-80| 10} 4:31} 0°52) 
Balsham Church South Lopham +j| 214 41 21-26} 8 | 4:02] 0+37 
Tower + + -| 85 8 58-81| 5 | 3+32| 0-07] Mickfield®. +» +|256 43 50-82] 2) 1:44] O51 
Brandon - {165 55 22:95} 12 | 5751 o-fo| Naughton: + +{290 47 5:94] 12 | 12-39] 1°94 
Swaffham Spire’. | 177 36 32-731 4] 2-43| or | Stoke Tower+ +| 328 3 57-76] 12 | 13:05| 1°50 


eet ere 


1 A correction of + 7"*73 to be applied to this bearing, to reduce it to the trigonometrical station. 
2 A correction of + 07°35 


39 33 ” 





LAXFIELD CHURCH TOWER. 
2-ft. Theodolite. 
From toth May to 30th June 1845. Observer: Corp. Bay, R.S.M. 






Bearings. 


fo) 
& 
e 
a 


Objects. Bearings. 











|Otley . . . . 30 25 22°53 10 


. : OF oe 46 |. 
ate 4 0-37| Norwich Spire -|173 10 33:90] 15 | 6-28] Ov4 
Mick field! ° 59 4 35°11 12 8. 

5 
7 


7 
61 0-73} Tofts Tower + + | 212 21 10-70} 16 | 2-62.) 0:07" 
9 
8 






o-64 | Southwold Tower | 262 4 15:86| 19 | 5°60) O77) 


South Lopham Il 2 8 
3° 17°73 | II 
0-33] Orford Castle + | 333 58 59°37} 15 (5°69 | 9°35 


Bunwell ~. . I 
e . Bas +9 2 
Referring-object . 145 54. Ra 75 







1 A correction of + 0” ‘41 to be applied to this bearing, to reduce it to the tri gonometrical station. 
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LAYTON. 


3-ft. Theodolite, B.o. 
From 7th to 9th June 1817. Observer: Mr. Garner. 


No. Recip. 


Objects, Bearings, of | Range. 
Obs. 





of 
Weight. 


Blue Hill: » «| 16 23° d06| 6 | 2:72] 0-36] Over Hill. » -| 60.16 46-18] 6| gigr| 1-58 
Tarbathy * 8 6 19 3 41:39 6 7-68 172 Dudwick . . . 177 53) 9°14 6 4°56 0:90 | 
Brimmond + +| 46 51 26-22} © | 9:18] 0-25 


LEITH HILL TOWER. 
3-ft. Theodolite, 3.0, and Rs. 


From 3rd to 5th June 1792. Observer: Gen. Muper. 
From roth to 17th October 1822. Observers: Major-Gen. Cotny, Capt. Kater, and Mr. Garpne zn. 
From 13th February to 29th April 1844. Observer: Serg. DonenAn, R.S.M. 


























: No. Recip. No. Recip. 
Objects. Bearings. of | Range of Objects. Bearings. of | Range. of 
Obs. Weight Obs. Weight. 





fe /f ff 3 / f/ ‘i 
| ChanctonburyRing) 1 27 11-01] 10 | 5-01} 0-46] St.Paul’sCathedral|] 206 45 28-16) 18 | 6-81] 0-42 
| Rook’s Will © +{| 40 26 39-51) g | 5-47 0-63 | Epping Cupola -|210 7 12-94} I0 | 3-75} O19 
| Butser Hill + -| 62 52 47-27| 10 | 6-18} o-go] Banstead, Old’ -| 214 52 35°85] 3] 2:59| O79 
jInkpen- + + +} 104 49 16-76) 13 | 5-45] 0-77 | Referring-object - | 221 32 45°05 |179 = = 
Whitchorse Hill -{ 118 31 54-72] 11 |} 5-26 0:36 | Severndroog + -| 222 46 41-24} 45 | 5:98! 0-06 
}Bagshot + + +/131 3 34°51] 2) 4-34] 4:71} Wrotham - +» +° [250 54 I5*19| 40] 4:16; 0-05 
| Windsor Castle Wrotham, Old -| 251 48 50-241 5 | 2°541 0-26 
Flagstaff + +| 154 42 18-98) 2) 1-25] 0-39| Hallingbourn- -| 261 23 18-18] 11 | 6-01] 0-54 
St. Anne’s: + +} 156 34 49°69| 1 = 1-96 | Frittenfield - + | 267 19 12-35] 81] 6-49] 0-84 
Wendover» + +|156 42 11:04) 61 3-71] o-55|Frant Church” - | 280 43 30-98| 10 | 3:14| 0-49 
Dunstable. + + {171 32 56°47) 9] 4°571 0-36} Crowboro’+ + -| 289 51 45:80] 31 | 6-61] 0-09 | 
| Hanger Hill Tower] 187 23 42-91 | 31 | 6°73) 0-13 |BlackheathWindm,| 295 50 5:37| 1 - 1-96 
| Berkhampstead -|194 44 10-01| 11 | 6-04] 0-44] Beachy Head» -| 317 40 1-56] 8} 4-45} ont 
| WestminsterAbbey| 205 6 29-10] 26 | 9:47] 0-30] Ditchling - + +| 328 42 47-76} g | 8-99] 1-46 


1 A correction of +- 12.47 to be applied to this bearing, to reduce it to Banstead, New. 
LINCOLN MINSTER. 


2-ft. Theodolite. 
From 29th June to 24th September 1842. Observer: Lieut. Da Costa, R.E. 





























; See No. Reci No. Recip. 

Objects. Bearings, of | Range. on Objects. Bearings. of | Range. of 
Obs. Weight. Obs, Wei ght. 
Renee etennenee preteens! argent SS 


| ° / / ‘e) / ‘f / 
Buckminster Spire} 12 38 7-20] 4] 1-30] og 5| Sutton Hill - -| 73 55 38-32] 5 6. 40| 1-88 | 
Stathern + + +] 26 45 39°55; 4] 3-80] 1-58] Axedge + + +| 90 26 29:90] 4] 2.60] 0-55 
Bardon Hill - +} 42 38 8-84) 8) 9-49] 9-72] Back Tor - +» +| 104 58 54-40] 1 — | 11-00 
| Holland Hill -| 59 54 16:15] 41 4:39] 1-36 Referring-object - | 109 23 54:80 |I10 | 19-10] 0-12 


dal aed ESR EB ae eared teen ne BERR eens Bas AT = 
een ener eadiieememennnieemmmmmainaiiell 
’ 
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OBSERVATIONS. 129 
LINCOLN MINSTER—continued. 


























a: Pe | No. Recip. ; ; at Pane: Bere 
jects. arings. “a | Range. _ i ‘ Objects. Bearings. Obs. ang Weight. 

3 6 é Ml tl i 6 / 4/ ff 
Clifton Beacon +/ 118 53 55-72) 6| 6-95| 1-78| Flint Hill. + +|262 2 27-907] 6} 4-00] O-5T 
Crowles + + +/155 22 97-67] 6] 5-39] 1-60|Greetham+ + +|273 7 11-04] 4 | 9°35] 5°49 
Normanby * #1211 20 55.651 41] 4:09] 1-42] Boston Tower’ + | 309 34 0-52] 8 | 15-14 4:89 
| Maidenwell +1259 0 21-62| 7 | 6-34] 1-30] Wellingore Spire | 359 36 49-25/ 5 | 4:02] 0-82 


1 A correction of +5" 54 to be applied to this bearing, to reduce it to the trigonometrical station. 


LITTLE STIRLING. 
3-ft. B.o., and 7-in. Theodolites. 


From sth to 7th July 1814. Observer: Mr. GARDNER. 
From 7th to 23rd November 1850. Observer: Corp. STEEL, R.S.M. 


No. Recip. 
of | Range. of 
Obs. Weight. 


fi ; 
Blue Hill - *| 25 12 11-01 : Peterhead, Old 
Caerlock - « -| 38 18 17.60 82| 1 Windmill - +] 190 13 32-49] 2% | 17°75 | 78-76 
Dudwick - *| 76 53 62:07 -48 | ReformMonument} 192 3 36-72} 21 | 62-13 | 30-59 
| Mormonth »| 140 28 10-89 -50| Great Stirling -| 248 44 27-81 | 23 137-54) 7-14 


Mt 





LITTLETOWN DOWN. 
18-in, Theodolite. 
From 31st July to 1st August 1846. Observer: Corp. STEEL, R.S.M. 

















z ; No. Recip. No. | Recip. 
Objects. Bearings. of | Range of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
. oO 44a. “ ; o 4 & 7 
Ventnor Ch. Spire} 26 40 49:89} 13 | — — | Boniface Down -| 205 52 42°56} 9 | 12-98} 3-37 


Week Down + +} 84 31 36:-46| 9 | 7-83] 0-99] Boniface, SE. -|228 2% 4:08] 9 | 13°55] 3°37 
| Wroxall Down +| 123 59 19-39] 5 | 49-84 |129-30| High Port Cliff -| 302 59 44:16] 9 | 20-07 | 10-71 


LLANELIAN. 
3-ft. Theodolite, 3.0. 
1805. Observer: Major-Gen. CoLby. 









Recip. 
of 
Weight. 











Objects - | Bearings. Objects, | Bearings. 





Arrenig . . | Pag! a! he ere 0 

on | 30 32-25} 4 | 7-02] 3-68]Garree + + +} 261 22 48-81] 41 4:5 

Ra Head. «| 136 30 39°84] 16 | 11-28} 0-69] Moelfre Issa - +-|275 16 27-19] 4] 2°99 0-06 
Ue: 247 4 30+33| 41| 8-90] 5-43|Cyrn-y-Braine -| 302 47 3°21] 7 | 6:08 

Gwaunysgaer 251 38 33-34] 1 2 = 
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LONGMOUNT POLE. 
3-ft. Theodolite, n.s. 
From roth October to 9th November 1843. Observers: Lieut. Luyken, R.E., and Priv. Srewanrt, R.S.M. 





























a ; No, Recip. . No. Recip, 
Objects. Bearings, of | Range. of Objects. Bearings, of | Range of 
Obs. Weight. Obs. Weight 
Oo / ff tf 6 é ff “i 

Cradle» + + +1} 15 6 20:66] 20] 8-32] ogr}| Ashley + + +| 217 56 31-33] 7] 3-11] O42 

Stov « + + +{ 25 25 17-65| 4 | 3-701 or}Axedge +» + +| 218 26 52:05| 6 | 2-50] 0-28 

Radnor + + +| 36 39 1665] 5 | 441] 1-r5| Bardon +» + +/259 8 5:90] 4]| 1-54] ovrs 
Llandmam + +{ 70 40 26-64! 10] 4-66} 0-65| Lord Plymouth’s 

Plynlimmon + -| 82 28 39-68; 14 | 432] o-40| Monument. - | 287 46 20-50) 1 — | 561 

Cader Idris + +|104 6 29:26} 12] 3:64| 0-19] Brown Clee + +| 292 59 37°40} 4/ 6-90] 3-56 

Snowdon + + +|125 57 62:92| 5 | 5:69| 1-67]Cleeve» + + +| 319 31 18-79) 8 | gar] 47 

Cyrn-y-Brain +{159 15 37°13} 7 | 3:79| O-41| Malvern + + +| 323 36 60-20} 9 | 2:93} O17 

Mowcopt + + -|214 23 42-65] 1 ~ 5:61 | May Hill - + +} 338 19 39-71] 31 3-79] 1-86 

LOUGHANLEAGH. 


12-in. Theodolite. 


From 19th September to 17th October 1828. Observer: Lieut. HENDERSON, R.E. 










No. of 



























No. Recip. ; No.of| No. Recip. 
Objects, Bearings, Repe-|of Simple} _ of Objects. Bearings. Repe-|of Simple| of 
titions.| Arcs. | Weight. titions.) Arcs. | Weight. 
.°] 4 4 2] / “tf 
1Croghan +» + -+| 21 50 40-23] 5% 0-09 | Mullyash + + + | 207 I0 56:46 | 15 Orft 
Knockastin +» +| 43 3 24:80) I9 0-14] Slieve Gullion +} 232 § 59-421 39 3°36 | 
SlieveBawn South; 75 6 48-17] 12 0-60] Slieve Donard + | 244 23 35.62| 15 3°41 | 
Carn Clonhugh -| 78 27 51-01 | 30 0-08 | Castlecoo + + + | 287 59 56-76| 45 0-01 
[Cuileagh + + +{ 119 2 41-12] 98 0-08 | Hill of Howth -| 316 53 11-62 | 12 0:03 
)Carnmore+ + + | 148 58 19-23 51 0:75 | Kippure + + +| 334 49 16-84) 61 O-14 


LOUGH FOYLE BASE, NORTH END. 
2-f{t. Theodolite. 


From 23rd November 1827 to 25th January 1828. Observers: Lieuts. HENDERSON, MurpHy, and Moutp, R.E. 



























, No. Recip. No. | 4 Recip, 
Objects. Bearings, of | Range. of Objects, Bearings, of #... cap 
Obs. Weight. Obs. Werke 



















o / & oO f 4 / 
Gawel +» + «+ 8 55 54081 2] 2:99| 2-24] Cundtham+ + +|107 49 47-661 11 "9:03 1:02 
South End of Base] 17 12 28-36) 6 | 5-68] 1-21 | Magilligan Tower | 168 43 44:59] 4 0-72 | oo 
Drung Point + +| 90 49 46:56} 10] 4:52] 0-29} Mount Sandy -+|197 12 24-41} 20 | 4:16 | OT4 
Slieve Snaght +| 102 37 42-67] 9 | 6:23] 0-89 
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LOUGH FOYLE BASE, SOUTH END. 


o-ft. Theodolite. 


From 8th November 1828 to 14th J anuary 1829. Observers: Capt. Prince and Lieuts. MurPHY,  - 
HENDERSON, and Moun, R.E. 



























: No.of} No. Recip. No.of| No. Recip. 
Objects. Bearings. Repe-jof Simple of Objects. Bearings. Repe-lof Simple} of 
titions,, Arcs. | Weight. titions.| Arcs. | Weight. 









® 3° f 4/ 2) / ft 
| Slieve Snaght -| 129 31 56-89| 27] 25 0-08] Cundtham: + -| 154 26 43:58] 317 1 18 0:16 
Ballykelly Church | Mount Sandy +/|197 9 34:20] II 4 | 0-34 
Tower - + +|140 4 59:08] — 2 - | North Endof Base} 197 9 35:12) 5 | 17 0:23 
Drung Point + -|143 38 42-61] 20] 25 O-2I | 








LUMSDEN. 


aft. Theodolite, n.s. 
From 20th April to 17th May 1846. Observer: Corp. W1NzER, R.S.M. 
































e Ip. ° . 

Objects. Bearings. of | Range. ary Objects. Bearings. of | Range of 
bs. Weight. Obs. Weight 

°o / “/ “/ 1°] é/ tl “t 

Sayrs Law + +! 77 8 24-021 13] 5:69! 0-38] Craigowl - + +/145 12 15-14} 4] 2-04] O31 
Kast Lomond: +|120 57 6-35| 41 3-15| 0-68{Glashmeal: - +1146 45 28-95| 6 | 4:80] 0-84 
Largo Law + +|129 20 20-27| 7 | 2:06{ 0-13] Mount Battock + | 164 19 13:28) 6 | 2-72] 0:33 
| Kellie Law - +|136 56 20-64 13 | 3:50) o-14| Caerlock » + +|171 29 4:50} 1 - 2-88 
| Isle of May Light- Blackheddon - +} 329 43 41:07| 9 | 3:87) 0-2 
house + *1 144 53 47°86] 7 _ ~ | Cheviot + + +1355 23 36-69} 26 | 5:92] O17 


LUNDY ISLAND. 


3-ft. Theodolite, n.s. 
From 17th February to 9th April 1845. Observer: Corp. Stewart, R.5.M. 







































No. Recip. No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. | 





fe) / 4] 0 / 4d Mf 

Cadon Barrow -| 2 6 49°87] 41] 3:43} 0-78] Referring-object »|194 25 50:99| 77 | 4:25] O01 
Hensbarrow + + 6 48 31-46| 11 | 1-87] 0-05 | Liannon - +1208 54 0-84] 10] 6:52; O73} 
Trevose Head -| 20 21 44-54| 11 | 6-01} 0-52] Cefn Bryn + + | 218 42 21-27] 6 | 1:95} 0-13 
St, Ann’s - - + | 149 42 30-58} 8 | 2-49| 0-15 | Margam Down -| 234 55 24:22] 9 | 7*14| 0-91 
Highgate. . «| 161 26 20-25} 5} 1:97! 0-23] Liangeinor + +|235 © 26:02] 4] 3:10 0-64 
Newton Down . 165 1 46-99} 4] 1:50} 0-16] Paracombe - -| 268 43 51-51] II | 4:82 0-36 
Precelly * +1175 22 41-09] 21 | 5-31] o-17] High Wilhays -| 318 47 54°03} 19 | 5°03] 0°22 
Marros Beacon 2 184 17 42°49 6 6°94. 1°63 Brown Willy . . 355 34 34-88 Il 3°22 O-20 
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LYNN TOWER. 


2-ft. Theodolite. 
From 12th March to 14th May 1843. Observer: Corp. Bay, R.S.M. 




















; ; 0. Recip. | : No. Recip, 
Objects, Bearings. of | Range. of Objects. Bearings, of | Range, of 
bs. Weight. Obs, Weight. 
0 / fl i“ 


Ely Minster . . 13 181 5-66 II 442 6:30 Great Massingham 
Walpole,St.Peter’s) 78 4 55-21} 5 | 4-75| 1-30] Church- + +| 262 51 31°67] 21 O73] O73 
Boston LTowert . 138i 37 53:21| 8 | 4:85} 056) Swaffham Spire” *| 300 IO 57°59] 7 | 4°25) 0-73 
Docking Church 

Tower + . .| 922 3 31:04) 9g | 4:91] 0°43 


: 
i 
i 





1 A correction of + 6”.42 has been applied to the observed bearing, to reduce it to the trigonometrical station. 
2 A correction of — 26.95 3 9 9 


LYON’S HILL. | 


3-ft. Theodolite, 3.0. 
From 18th to 23rd January 1829. Observer : Lieut. Porriocr, R.E. 


Objects. ings. , ge. 
Obs. 


Weight. 


Cadeen + + +| 4 41 48-89 . 0:78 Dublin  Obser- 
Church Mountain} 7 17 9:50 1-oo} vatory + + «| 230 30 27-65 
}Cullenagh+ + +} 52 38 42-48 6-47|Howth + + +|253 16 17-71 
{Dunmurry + -| 69 I 16-14 0-32 |Poolbeg Light- 
Hill of Allens +] 72 54 215 : o-13| house - + +1257 II 11-09 
Croghan + + +] 97 27 11-52 0-24|Kippure + + +] 312 29 27-32 
Garristown Wind- | Lugnaquillia. «| 352 26 29-94 
mill- + + +/197 13 33:19 69 | 0-99, 





MAKER CHURCH TOWER. 


3-ft. Theodolite, B.o. 
From 8th May to 5th June 1846. Observer: Serg. DonELAN, R.S.M. 





Objects. 


Eddystone Light- = | | Kit Hill Tower -| 1 58 4 21-63 
house + + +| 17 19 o85} 8 . 87} Black Down - +| 189 21 41-09 


2s et ike aren lain ene te 


Maker: + «© =| 64 45 31-87 (102 : High Wilhays -|198 7 4:39 

Deadman - + +] 72 34 40-50] 21 0 -52 | Butterton, New -| 250 37 o-g1| 7 
Lansallos + + +| 88 23 12:80] 7] 7: -56 | Butterton, Old +} 250 40 33-42] 29 
IH[ensbarrow + «| 95 22 0-47] 32] 6- -16 | Barrow Hill - -/ 290 36 1-87] 2 





Sl aia Solr et TEL er 


OBSERVATIONS. 133. 
MALVERN. 


3-ft. Theodolite, rs, 
From 28th November 1843 to 27th January 1844. Observers: Corp. Coserove and Private Srewart, R.S.M. 


Objects. Bearings. 


Mendip 
May Hill . 
Trellig . 
Cradle . 
| Radnor 
Stow * ee @¢ 
Longmount Pole 
| Brown Clee ; 


8 318. 15-31 
16 37 20-51 
32 31 32:67 


7% 45 59°74 
107 23 40°59 
122 44 35°05 
144 2 9-46 
156 47 59°22 


Lord Plymouth’s 
Monument - 
Bardon. - ; 
Arbury - + 
Broadway Tower 
Breedon Tower - 
Cleeve’: «© «+ . 


Whitehorse Hill . 


216 26 32-22 


+225 12 34-95 


259 45 8-01 
284 22 17-73 
28445 37°31 
ZI 5I 16-28 
317 37 6-20 


1 A correction of —1” 


MAMSUIL. 
3-ft. Theodolite, r.s. 
From 29th July to 31st August 1848. Observer: Corp. Winzer, R.S.M. 






No. 







Creachbheinn 

Ben More in Mull 
Ben More, South 

} Dist» +» . 
Storr + - 

Cleisham - 

| Scournalapich 













o / “/ 
17 34 57-66 
39 9 24°09 
89 52 66-71 

II2 3 36-22 


127 42 37-92 
200 15 29°23 


Ben Wyvis 

Corryhabbie - 
Ben Macdui - 
Glashmeal» ~. « 
Ben Ambhlair . 
Ben Lawers - 
Ben Nevis: 


Bearings. 


0 / fl 
215 57 42:07 
265 38 38-35 
284 16 43-37 
292 21 18-68 


+) 322 14 8-46 


325 48 38-03 


| 352 24. 15°99 





of 
Obs. 











MENDIP. 
3-ft. Theodolite, n.s. 
From 6th September to 6th October 1844. Observer: Corp. Stewart, R.S.M. 


























No.. . | Recip. No. 
Objects. Bearings. of | Range. of Objects. Bearings, of 
Obs. Weight. Obs. 

| °o / 44 4/ ° / M/ 
Pillesdon -. 23.59 8-40] 14 | 5:74] 0-31] Symonds Hall -| 198 14 24:33} 6 
Staple Hill. 51 14 48-51| 5 | 6-13] 1-60] Whitehorse Hill-| 239 20 4o-27| 7 
High Wilhays 60 38 4:12} 6] 6-15) 1-50] Inkpen 258 23 8-23] 10 
Dunkery . 85 32 6-21] 12] 4:19] 0-24] Westbury »-| 260 26 28-88] 11 
Referring-object «| 114 54 10-06 | 95 - — | Beacon Hill - +}273 32 18:81) 12 
Cradle... 6 | reg 4. 52°05| 11 | 7+10| 0-66] Wingreen - »| 310 g 18-32 { 15 
Dundry 161 0 42:69} 71 4-76] 0-65] Bull Barrow + + | 338 38 30-61] °8 
Malvern 188 8 10-86] 14 | 10-78| 0-99] Mintern + + +{[ 355 46 46-64] 5 


Range. 





Range. 


~ 
~ 


ee ee 
60 AN HAT ON 





Avs RO O NANO 








Recip. 
of 
Weight. 


O25 


Recip. 
of 
Weight. 
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MERRICK. 
3-ft. Theodolite, b.o. 
From 25th May to and August 1852. Observer: Corp. JENKINS, R.S.M. 














: : No. Recip. 
Objects. Bearings, of | Range. of 
Obs Weight. 
oO f 4“ Mi oO f/f «4 
Glasserton + +} I 0 47-50) 161 5-37] o-21|Corkmulaw + +| 191 18 24-95 


South Berule +| 6 47 45-72! 35 | 6-24] o-11 | Bin of Campsie + | 191 53 31-22 
Mull of Galloway | 24 8 34-59| 16 | 6-88! 0-35|Ben Cleugh + + | 200 24 27-10 
Slieve Donard -| 41 52 49-08) 24 | 6.23| 0-19] Tinto » + + +/225 2% 52-29 
Cairn Piot + +| 50 40 46-00] 21 | 4-04] 0-36] Cairnsmuir on 


Divis + + + +{| 60 3 52-46] 11} 9-83] 1-06] Deugh + + +} 231 15 32-31 
Referring-object -| 71 27 0°36] 24 - — | Hart Fell» - +| 245 45 7:87 
Benereard + +| 74 26 21-96} 28} 7-80] og] Wisp - - *1259 47 3:98 


Trostan + + +! 85 10 12:67] 32} 5-20! 0-06] Burnswark + + | 273 12 28-29 
Knocklayd + +| 92 0 50:72] 26) 5-56] o-15| Cross Fell + +] 290 6 10-11 
Carn-na-leagh + | 103 32 48-27] 11 | 9-44| 1-05|Criffel. - + 292 I 53°45 
/Saugh-e + + +/116 15 51:02! 39 | 6-65] o-10} Ben Cairn + +| 310 97 15-36 
Ben Tuire + +|124 47 55-941) 14 | 6-01] 0-36] ScaTell . - 312 48 54:59 
Jura «© «+ «© +©{(3%31 50 45-62| 18 | 7-41; 0-31] Black Comb - + | 322 42 25-75 
Goat Fell. + +| 140 2 48-31] 12 | 4:51] 0-26 | Cairnsmuir 

Ben More in Mull| 146 31 5-11 | 13 | 5:33| 0-35] Fleet + + +1336 8 51-54 
Hill of Stake -| 166 43 6-57] 20} 7-51! o- 40] North Berule+ +] 357 3 53°75 
Ben Lomond+ +|175 0 40-00| 29 | 5+59| 0-08|Snea Fell» + +| 359 44 21-66 
Ben Lawers - +|185 33 23-73| 19 | 4:94] 0-18 


MERRINGTON CHURCH TOWER. 
12-in, Theodolite. 
From rgth June to 15th July 1854. Observer: Mr. Cauiu. 





























No. Recip. No. Recip. 
Objects, Bearings. of | Range. of Objects. Bearings. of | Range. of 
bs. Weight. Obs. Weight. 
/ di fl 


Water Craw. . 50. 59. 2, 5-98 4 11-77 11-69 | Durham Observa- - 
Collier Law + -| 112 38 40-42) 19 }17-09| 2-04] tory. - + +1182 43 5:14| 2] 8-791 19-31 
Brandon Down -|147 35 7-62| 25 | 25-49] 2-94] Wordeslow + +] 209 11 47-10] 15 | 16-11] 2-97 





MICKFIELD CHURCH TOWER. 
18-in. Theodolite. 
From goth January to 25th February 1845. Observer: Corp. STEEL, R.S.M. ie Seed 






















. No. Recip. No. ecip, 
Objects. Bearings. of | Range of Objects. Bearings, of | Range of 
Obs. eight Obs. Weight. 

















Naughton 7 © « 43 45 14-22 21 22:29 2°34 Bunwell * «© e 180 46 ne: 14 28 8.74 O44 
Lawshall o ¢ e 77 6-28 | at 15°38 1-65 Laxfield » . © 238 53 3°53) 20 8.13 0-44 
South Lopham +-/157 3 39:76) 124; 7:38} 0-84] Otley Tower+ +1] 316 54 32-70 27 11410} 082 
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MILK HILL. 
3-ft. Theodolite, Rs. 
From 27th March to 13th May 1850. Observer: Serg. DoNELAN, R.S.M. 





e ° f 4/ ° / df 

Four-mile stone +} 0 46 6-98] 30! 9-05] o-r7|Inkpen + - -| 275 28 53-21] 14] 6-24] 0-47 
| Wingreen+ + +{| 299 33 36.80] 23 11+36| 0-47] Old Lodge + +) 332 6 26-50) 22 | 8-79} 0-39 
Stoke Hill + «| 61 55 98.32| 17 | 7.36 o-54.| Beacon Hill - - | 337 13 60-15 | 40} 7-40| 0-08 
Westbury Down-| 57 46 10-98| 30 | 10-03| 0-37| Dean Hill. + +|340 8 9-05] 21 | 5-89| 0-22 
Mendip + + +| 70 20 3-65] 22 | 6-95| 0-23] Thorney Down -/ 341 53 54:93 | 28 | 16-87 | 0-60 
Cleeve Hill + +} 170 © 32-47] 11 | 4:30] 0-39] Queen’s Manor -| 347 45 43-15] 27 | 8-44] 0-23 
Upcot Down - +! 194 49 34°51 | 23 | 5:17] 0-18] Old Sarum Castle | 954 12 7-45 | 20} 3-42] 0-08 
Whitehorse Hill - | 221 32 44-62| 31 5:86] 3-84 a 





MISTERTON CARR BASE, NORTH END. 
3-ft. Theodolite, B.o. 
1801. Observer: Mr. Woo.Lcort. 









Range. 











Objects. Bearings, 
Weight. 





South End of Base! 8 56 43-00 5 2-68 0-32} Gringley - 
Clifton Beacon +-| 69 14 0-76) 4] 4:42] 1-64 





MISTERTON CARR BASE, SOUTH END. 
3-ft. Theodolite, 3.0. 
1801, Observer: Mr. Woo.cort. 


























No. Recip. No. Recip. 
Objects. Bearings, of | Range of Objects. Bearings. of j Range.| of 
Obs. Wei ght Obs. Weight. 


ane ge OE OO a oe 

° “My / ° ‘ou “ | 
Clifton Beacon + go - 1 14-21 6 rane 149 Gringley s+ 6 | 935 9 40°46 9 984 2°I5 
North End of Base| 188 56 39:04} 8 | 8-88] 2-04 


MOELFRE ISSA. 


3-ft. Theodolite, B.o. 
1806. Observers: Gen. CoLby and Mr. Woo.ucort., 

































P No. Recip. ok "I R ry 
eee ings. : f bjects, Bearings. o ange. | © 
Objects Bearings ae Range Weight. Objects 8 Obs. 6 Weight. 









/ fd 

Lilanelian. . . 95 24. 3.2 4 594. 2.66 | Gwaunysgacr > 234. 39 39°69 
Orme’s Head. . lI7 13 Be 5 | 6:29] 2-06 | Hast End of Base 236 41 33°59 
West End of Base 17% 39 20-30} 47 | 5-50} 0-45} Cyrmm-y-Brains +} 310 51 38-29) 4 5 4°25 


4 ee ee ea seu 


136 PRINCIPAL TRIANGULATION. 


MONACH. 


3-ft. Theodolite, B.o. 
From 23rd October to 6th September 1839. Observers: Licuts. ROBINSON and Horney, R.E. 


























: : No. Recip. ; No. Recip. 
Objects, Bearings. of | Range. | of Objects. Bearings. of | Range. | of 
Obs. Weight. Obs. Weight. 


* 0 é fi di .°] / fi . fi 
| Cleisham + + «| 934 17 34.29 28 | 10-23| 0-35| Ben Clibrig « +|276 5 27-91) 11 | 19-87) 4-43 
North Rona - .| 198 23 18-91 | 6 | 7-16] 2-28 Suilbheinn. - - 290 44 45°41 13 | O-59]} 5:99 | 
Cape Wrath Light- Scournalapich' + | 325 25 55°65| 6.| 9-51] 3-50} 
| house « + «/948 1 17-64! 8] 8-36] 2-28] RuRea + + +| 330 49 47:21) 7 | 9:02} 232° 
| Cnoc-ghiubhais . | 251 14 38-60] 1 ~ |2t-4qg] Storr - + + +|355 23 32°70) 20 | 6:93] 0-32 | 
Fashven + +. 253 50 2+38| 13 | 7-22] 0-86 | 





1 A correction of -+- 38’°61 to be applied to this bearing, to reduce it to the new station. 


MORDINGTON. 


3-ft. Theodolite, R.s. 
From 6th March to 15th April 1846. Observer: Corp. Winzer, R.S.M. 

















. . No. Recip. . 
Objects. Bearings. of | Range. of Objects. Bearings. 
Obs, Weight. 





7 18 14:94 41 6-11 | 0-06 Sayrs Law : : 96 52 19°37 16 | 6 15 | 0-38 
44 31 36:96] 13 | 4:43! 0-28 | Referring-object + | 148 27 44-92 | 89 a = 
69 55 53:87 | 24} 7-56] o-20{Blackheddon - +} 334 36 31-82] 11 | 5-06] 0-43 


Cheviot «+ «= «» 
Wisp Hill» - - 
Dunrich «+ «+ - 





MORMONTH. 


3-ft. Theodolite, B.o. 
From 22nd February to 22nd April 1847. Observer: Serg. DoNELAN, R.S.M. 




















Bea ; No. Recip. | No. Recip. 
Objects. Bearings. of | Range. of Objects, Bearings. of j Range of : 
Obs. Weight. Obs. Weight. 
4/ “4 


Lo) / ff 
Nnudwick + - ° © 41 51°73} 23 9°35 | 0-39 Manor Lee - . 88°56 S04 7 “A0 | O- 
Blue Hill. + - 5 44 51°69) 10 | 6-62] 0-86] Scarabin - - +] 127 19 52-89] 20 rae ae 
Brimmond + +| 14 32 48-95|16| 6-95] 0-60]Ben Cheilt - «{135 41 6-01] 19 | 4-43| 0-18 
Caerlock - - 22 21 37-06] 29 as o-15| Peterhead Old 
2 


Mount Battock | 30 44 12-83} 28 0-22} Windmill - -|305 1 22:02! § 2-56 0°40 


Buck - - 58 32 58:00] 10 | 4:53] 0-35] Reform Monv- 
Corryhabbie » © 68 6 52°1r] 37 | 6-35] O-10 ment,Peterhead ZIT II 51+15| 11 | 6-56) og 
Referring-object + | 84 55 17°02 |150 - — | Little Stirling .| 320 16 52-92] 22 9°07 0-35 


Knock: + + +| 87 39 35°32} 13 | 4:92] 0-30 











4d 
4 
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MOUNT BATTOCK. 
3-ft. Theodolite, B.o. 
From 1oth March to 3rd July 1847. Observer: Serg. Donenay, R.S.M. 


























; ; No. Recip. No. Recip. 
Objects. Bearings, of | Range. | of - Objects. Bearings. - of | Range. | _ of 
Obs Weight. Obs. Weight. 


~ 


o-21} Mormonth « ; 210 ee: 17 5:06 0-23 
0-39 | Dudwick - «+ + [218 11 31-52) 9 | 2-73] 0-18 


KellieLaw + +! 1 44 36.83| 8 84 
26 
-or| 0-29|Brimmond + -| 230 39 12:00: 18 | 5:29} 0-30 
46 - 
29 


Largo + + + . 8 8 44-90] 2 
Carnethy Cairn -| 1 5 8 24-21} 10 
Craigowl - - -| 20 36 1-99! 16 0-35 | Referring-object + | 238 28 a1- 50 II ~ 

Kast Lomond+ +| 20 42 15-68) 13 0-27|Blue Hill... 246 18 30-84 18 | 6-19| 0-25 
Ben Cleugh + +! 37 1 40:95| 16 | 6:49| o-gr|Caerlock - + +] 256 17 57. 64| 17 | 4:90| 0-26 
Glashmeal- «| 77 43 54°99 | 28 | 5:53} 0:10] Broxy - + | 978 15 57-36) 12 | 5-20} O26 
Ben Macdui -° - 103 51 13-60| 33 | 6:06} oT! Red calls * +1337 33 33°05) 14] 5:65] 0-56 
Corryhabbie - -.| 148 11 18-51] 25 | 4:97| 0-16} Lumsden «+ =) 343 52 19-28) . 3°74.| O-12 
Buck + + + 6/159 53 9:51} 24 | 6°62) oar] Sayrs Law + + | 357 54 26-38, 2:66] O-1I 
Knock- + + «| 178 21 48-49) 14 | 3°16| 0-12 | 7 


PTR HDL 





MOUNT SANDY. 
2-ft. Theodolite. | 
From 24th June to 6th July 1829. Observers: Capt. Dawson and Lieuts. HEnpERSsON and Murrpuy, R.E. 
































No.o No. Recip. No.of] No. Recip. 

Objects, Bearings, i Simple] of | Objects. Bearings. Repe-|of Simple; _ of 
titions, Arcs. | Weight. titions.| Ares. | Weight. 

a / ‘i | (¢] / ff 
Sawel - - ‘| 9 39 17-31] -—| 16 | 0-64] Slicve Snaght 93 460 32-44/ -—| 17 0-38 
{ North End of Base 17 13 11-94; 12] 22 0:06 | Magilligan Tower | I2I 4 13:12} - I 

South End of Base} 17 13 15-38} -—j; 15 | o-21 Ben Tartevil 206 51 3:00{ ~| IL | 2:25 

Drung Point + - 77 4 22°13 _ 17 o-22tdura - 218 46 50°53 —_ I - 
Cundtham: + +-/ g1 13 I-I6) 5) 49 O-19g Knocklayd 242 37 40:18} —| 16 -| 0:37 





MOWCOPT. 


3-ft. Theodolite, B.o. 
From 11th March to 18th 3 May 1851. Observer: Corp. Jenxuns, R.S.M, | 


























No. Recip No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. . bs. Weight. 
° ° | ‘ ad ue ° / Mf ; “f 
Referring-object + | 280 37 6-87); 27 | 6:07) — Cyrn-y-Brain | 82 51 5-27) 19 | 8-35 | 0-75 


Brown Clee - -| 20 17 50°68| 12 | 4:72} 0-33] Snowdon + + +| 88 22 34%-53] 4 | 2-83] 0-66 
Black Bank - -| 24 6 54:56| 29 | 6-96] 0-17] Delamere» + +j 110 48 33-86] 20 | 7-14} 0-21 
Ashley Heath -|] 27. 14 25-41 | 2 | 7°81 | 0-20 | Bellefield - + +| 137 22 24°55] 14 | 7°79] 0°54 
Longmount Pole j 34 54 58-85! 2 | 7°22 0-24'| Whittle Hill - -/|176 42 54-73| 26 | 5:14] O12 
Pee Obe- | Holme Moss + -/ 204 49 21-81/ 18 ns 0:07 

) 26 24:62| 10 | 6-16] 0-66] Axedge + + -+| 233 19 29°94] 40 |. 8-46} O17 

Nantwich Church - a | ‘vous Ehill. Be 6 Goce 26 |. 8.38] 0-28 

Tower Vane -| 75 38 1-62] 18 6-89 | 0-57] Bardon Hill - - | 306 13 50°05} 16 } AO7 | 2°28 
5 


138 PRINCIPAL “TRIANGULATION, 


NASEBY CHURCH TOWER. 
18-in. Theodolite. 
From 24th October 1842 to 3rd March 1843. Observers: Corp. STEEL and Priy. M°Nauty, R.S.M. 























. ? No. Recip. 0. Recip. 
Objects. Bearings. of | Range! of Objects, Bearings. of | Range of 
bs. Weight. | Weight. 





‘ 1°] / fi “ | | re t i . a oe 2 | | 
} Arbury Hill + +] 38 24 59°73 | II |. 17-71 3°64 | aston Tower «| 231 16 3-01 6 |,15-84 | 10-05 
Bardon Mill + +) 147 39 59°43] 5 |10-76| 6.48] Keysoe Spire: + | 292 55 18-90] 4 |. 9:78.) 7-49 
Tilton + + + +| 196 36 28-05} 10 11-96] 1-96] Hanslope Ch.Spire) 340 42 0-84] 6 ; 8:51) 3-09 


NAUGHTON CHURCH TOWER. 
: 18-in. Theodolite. — 
From oth November 1844 to roth January 1845. Observer: Corp. STEEL, R.S.M. 





























No. | Recip. No. |' ‘) Recip. 
Objects, Bearings. of | Range. of Objects, Bearings. of |. Range.-{ of 
Obs, Weight. Obs. Weight, 





te) / Mi 4/ 3° / ff ff 
Stoke Tower+ -| 18 22 2-83) 15 | 7-85) 0-62| South Lopham +|185 20 15-80] 1 — | Il+45 
Danbury Spire +| 31 21 38-20| 3] 5-69| 3-69] Mickficld’. + + | 223 37 18-02] 17 | 15-43] 1-73 
Thaxted Spire +| 68 49 53-38| 11 | 6-55| 0-45| Otley Tower- -/254 1 5-08} 7 | 7-14] 1-15 
Lawshall Tower -| 110 57 22-841 19 | 6:24| 036 Walton Tower -| 318 39° 1-17/ 18 | 7-20 0-39 





1 A correction of —1”+31 to be applied to this bearing, to reduce it to the trigonometrical station. 
SSS ee 
NEPHIN. : 
3-ft. Theodolite, B.o. 
From 25th September to 2nd November 1828, Observer: Lieut. Portiocr, R.E. 


a SS a eS SSS Sse 
| ; y | No. |. Recip. : No. |. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings, of | Range! of 
Obs, |° Weight. Obs. |" Weight. |. 





























De ea ; Zs i, “ a SS es a: i . a ee Neg 1 eggs ie eh 
Bencorr - « > 26 3r 13°51 6 10-go 3:04 Cuilcagh * 6 257 46 51-47 I T1°95 2925 


I 
The Reek + -| 34 20 55-15] 17] 5:90} 0-27| Mullaghanoe . -| 281 0 52-90] 4| 3:11] 0-70 
Slieve More + +| 89 46 54-48| 12 | 16-60} 2-89 |Sheve Bawn,South| 290 28 017| 2 | 3:21] 2-57 
Tawnaghmore +| 154 28 24:12] 6] 3:65| o-70|Keeper - . «| 331 52 45-74] 2] Ogi] 0-20 
Slieve League - | 210 56 29-82} 11 | 14:71! 3-49] Kmockma-. . . 335 28 50-671 7 | 54] O17 
Knockalongy + + | 242 54 14:74] 18 | 9:29} 0-83] Slieve Carran +} 346 43 19:93] 2 | I-31} -0-43° 





NIVE HILL, 


eee 


| 4-in. Theodolite. 
From 27th February to 6th March 1844. Observer: Priv. Jenxins, R.S.M. 






















; No [> Recip. ‘No. Recip. 
Objects. Bearings. of |- Range of Objects. Bearings. of | Range of 
Obs. Weight. Obs. Weight 











eee x | sd o 4 uw j 
Balta + + + «| 4 20 56:07} 18 6.00 21-271 Gerth of Scaw -°| 195 10 43°57} 19 68-67 32,88 
Saxavord «+ + «| 41 43 10°15) 19 69-08 | 31-22 





eS ts Beet. he ee eS ee See on ee | as ee et a SE i Ee te gy © 





See a a SE ee ee 


Va EEE BER os, Fe 
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‘NODES BEACON. 
18-in, Theodblite. 
From 17th May to 23rd June 1845. Observers: Corps. WINZER and STEEL, R.S.M. 























; No. Recip. No. Recip. | 
Objects.. Bearings. of | Range. | of Objects. Bearings. of | Range. | of | 
Obs. Weight. Obs. Weirht. | 











6 / Mt “4 ° / Mt “f ‘ 
Swyre Barrow -| 80 22 42-41] 12 | 10-33| 1-73| Sussex Lodge +!210 47 5:77) 7 | 10-23] 3-21 
Coringdon- + +! 82 53 22.23] 15 | 7-03] 0-52] Butser- - + +) 228 36 6-16] 21 | 14-31] 0-go 
Black Down - +] 92 10 44-82) 6 | 7-47} 1-83] Rooks Hill + +|245 25 16-40] 14} 9-22! 0-62 
| Wingreen- + +| 131 48 4:83} 13 | 10:06] 0-98] Motteston + +| 274 41 10-72/ IL | g-25|] 1-68 
Dean Hill» + +/|169 3 35-12] “8 | 6-30} 0-92] Dunnose +» - ~-/| 282 24 15-43] 18 | 15-97| 1-84 
Inkpen» +» + +| 183 59 53-04} 8 | 8-62} 1-75 | Week Down + «| 289 21 38-81} 4] 9:03] 5-28 
Southampton: +|199 29° 5°59| 10 | 6-Ig| 0-92 : _— 


NORWICH CATHEDRAL SPIRE. 


18-in. Theodolite, 
From gth November to 8th December 1843. Observers: Corp. Srern and Priv. M°NAuty, R.S.M. 


Objects. Bearings. ge. Objects. Bearings. Range. 
0 j Obs. 


Weight. 


Se) a ele Betts. aR .O. Pe hens re) -d dé : df 
Bunwell Tower «| 36 49 0°53 -42 | Gorleston Tower | 981 Bl 22-547 17°38 | 13:25 | 
Hingham Tower-| 75 0 56-67 ; -87 | Tofts Tower - -| 308 11 26-39] - 4:29 | 4:60 
Baconsthorpe + «| T6I 34 58-78 ; ; Laxfield Tower - 353 9 38-24 _ 18-01 
Happisburgh - -| 215 42 35-41 | - ) 





NORWOOD, 


18-in. Theodolite. 
From 3oth April to 31st May 1844. Observer: Corp. STEEL, R.S.M. 


: ; fy) \ Recip. . : 
Objects. F Objects. Bearings, 
Obs. i 


Stede Hill. . . .32 | Gads Hill Ohelisk?| 89 58° 50-27 
Hollingbourne - ‘79! 1-29] Langdon Hill. + | 118 34 15-96 
Deptling - + - 91 29-09} Danbury Spire -| 151 58 21-96 


Wrotham . . . | ; Waiton Tower + | 211 57 41-¢8 
Chatham Observa- St. Peter’s Ch, -| 277 22 43-36 
co ; 521 Frittenfield - -|359 46 51-42] -1. 





140 : PRINCIPAL TRIANGULATION. 


OA or CAIRNARD. : 
3-ft. Theodolite. | 
From 25th June to 14th July 1822. Observers: Major-Gen. Coty, Capts. Vercrt and Dawson, R.E. 






































, No, Recip. ; No. Recip. 
Objects. Bearings, of | Range. | of Objects. Bearings, of | Range. | of 
Obs, Weight. Obs, Weight. 
oO ¢ & | “ Ot et “ 
Benyevenagh+ «| 34 40 51-04) 5 | 2-87| o-50]Goat Fell. + +/270 3 60-58 I-72 | O34 





3 : 

Slieve Snaght -| 54 7 27-34, 3 | 2-05| 0-55|Ben Tuire + +} 278 36 36-31) 9 | 6-51) 0-73 

Innistrahul Light- Carn-na-Leagh + | 317 18 52:03] 13 | 5:79] o-44 | 

house + + +-| 69 47 60-00: 4]| 3:07| 0-66} Cantyre Light- | 

} Ben Tartevil - .) 138 0 9-29 | 19 |' 7-01} 0-29] house - - 318 50 57°58 | 21 0-66] ort 

Ben More in aa I9gl 2 46-82 | Ee 3°50 | 3-061 Trostan + + +/352 17 3:°95| 3} 1:63) 0-34 

Jura ate 56 3° 97 8.20| 0-67} Knocklayd + +| 357 I 49-61) .7 | 6-50] 1-18 
Ben Varn - 21 38 51: 93 = 6-81 | 0-21 


ae ee 








OLD LODGE BEACON: 
3-ft. Theodolite, B.o. . 
From 26th October to 6th December 1849. Observer: Corp. JENKINS, R.S.M. 


* a a oO. : Reci . 
Objects. ings, q Objects. Bearings. ge. oar 
Obs. Obs. Weight. 


\e) / Mf 
Dean Hill. + - 83 3° Four-mile Stone - 18 13-92 ; 1:00 
Salisbury Spire -| 5: ; -13 | Westbury Down - 10 56-81 0-19 
Thorney Down - , 49:1 O- Stoke Hill + + | 117 57 34-29 0-09 
Wingreen- “4 44! O- Beacon Hill « +} 136 20 45-04 : 0:06 | 
Old Sarum Gnsile 67 30 27°76} 27 ; -1g}| Milk Hill + +} 152 16 11-39 : 0-16 | 
Old Sarum Gun -| 67 45 53°27, 28 og |Inkpen+> + - +! 207 39 39-95 ; 0-29 





OLD SARUM CASTLE. 
~ 3-ft Theodolite, B.0. 


From 19th July to 27th August 1849. Observer: Serg. DonELAN, R.S.M. 
Cee nee en nL ae ne eee nee eee Se ee ea ee 





























; a. No. Recip ; No, Recip. 
Objects. ' Bearings, of | Range. of Objects. Bearings. of | Range of 
Obs. Weight. Obs, Weight. 
: o f ‘i “ | °o / ‘é “i 
Four-mile Stone + | 128 30 42-12 17 | g:08| 0-57 | Thorney Down 55 41 0-51] 18 
SI 2 


Stoke Hill + +|137 55 26-97! re | 5.03| 0-23 Queen’s Manor -1 2 
Milk Hill. + +|174 13 50-91] 3] 1-02] o-12]Dean Hill. - - 5 33°97 | 33 
Beacon Hill - +} 209 57 27-71] 22 | 4-35] 0-17] Salisbury Cathe- 

Old Sarum Gun *1242 3 55°68 | 16 15-65 1-62 dral Spire - +1 349 51 48-43 10 4:61 O-5T 
Old Lodge © 9 1 247 2% 24°20] 15 4°59 0-28 ; | 
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OLD SARUM GUN. 
3-ft. Theodolite, B.o. and R.s. 
From 18th June to 8th July 1849. Observer: Serg. DonELAN, R.S.M. 























: ; No. Recip. No. Recip 
Objects. . Bearings. of | Range. | of Objects. Bearings. of | Range. | of 
bs. Weight. Obs. Weight. 





| Old Sarum Castle 62. 4. 59°82 1g 4-06 o-1r| Old Lodge - - 249 38 51-96 2 4-97 0-18 
Four-mile Stone+ | 122 29 26-42] 49 | 8-71} 0-09] Thorney Down +} 256 54 2:47] 44] 7°35] 0-09 
Beacon Hill + +} 208 27 46-74.) 50 | 6-29] 0-04] Queen’s Manor -} 287 10 59-48] 52 | 7-09] 0:08 


ORFORD CASTLE. 
3-ft. Theodolite, B.o. 
From 14th October to 14th November 1843. Observer : Serge, DONELAN, R.S.M. 






































No. Recip. ; ; Recip, 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. : Obs. Weight. 






| Walton Tower - 33 14, a7eTI II 742 0:69] Laxfield - + - 164 8° 48-20 12 | 3:78] oo 
| Referring-object -} 68 51 29-77 | 27 ~ — | Southwold + +|/201 9g 3831} 8] 700] o-g1 
Otley 106 4 4:50| 10 | 4:50] 0-42 







OTLEY CHURCH TOWER. 


af | 18-in. Theodolite. 
From 3oth September to 31st October 1844. Observers: Corps. STEEt and Beaton, R.S.M. 


























No, Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings, of | Range} | of 
Obs. Weight. Obs, Weight. 


° 4‘ o4 “ ° 4 oe4 “ . 
| Stoke Tower + +} 51 57 31-35| 14 | 7-37] 0-67 | Referring-object + | 207 24 10-00] 57 . _ 
Naughton: + +) 74 13 32-86) 14] 7-56| 0-73] Orford Castle. + | 285 47 7-61} 23 | 13-16); O71] 
/Mickficld’- + +| 136 59 14:11 | 13 | 14-25] 2-50} Walton Tower - | 351 33 20°80] 22 | 9-91) 0-46 | 
|Laxfield + + +| 210 18 24-05 | 16 | 11-95} 1-33 | 


1 A correction of — 5”°46 to be applied to this bearing, to reduce it to the trigonometrical station. 
OVER HILL. 


3 ft. Theodolite, B.o. 
15th June 1817. Observer: Mr. GARDNER. 





























No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings, of | Rang of 
: Obs. Weight. Obs. Weight. 





Blue Hill . 3 46 37-68 | 





Mount Battoek . 
Mormonth» . . 


48 42 10-40 
186 34 1-54 


3.38 | 0-60} Dudwick *« - - 192, 15 24-02 51 735 | 2°22 
Cacrlock 38 6 51-49 2-94.| 0-60] Little Stirling + | 217 58 54-48) 3] 2:60} 977 
Brimmond 7-98!-2-42| Layton - + +|240 12 44-04] 6 | 3:15] 09°33 

5°53 

3-00 


5 
3 4 
49 39 13°93; 5 : | 
5 1-79] Tarbathy - + +/ 335 9 “ 6} 5:40] 140 

4 | | 
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Trom 8th December 1844 to 8th February 1845. Observer: Corp. Srrwart, R.S.M. 


Objects, Bearings. 





High Wilhays - 1L 


Kit Hill . . + | 22 48 39°72 
Bradbury Castle. | 22 58 10-97 
Brown Willy. +| 39 © 50°94 
}Cadon Barrow +| 45 49 45°36 
Referring-object -| 87 45 7:06 


|Lundy Island 


Lighthouse! 89 21 53°42 
| Highgate es 126° 9 38-73 
Marros Beacon +-|140 59 8-31 


1 A correction-of + 0”*6z to be applied to this bearing, to reduce it to the trigonometrical station. 


From 28th October 1841 to 7th J anuary 1842." 





Objects. Bearings. * 
Rivington - 28 26 2 23 34 | 
Go Hill 50 8 6-49 
Snowdon - 53 41 41-55 

| Beryl Hill. 86 30 49-34 
Black Comb - 123 7 50-48 
Sca Fell 137 55 15°62 
Helvellyn - 147 39 54:53 


Ingleboro’ - 168 56 41-80 








of . 
O 





‘ a 
O IIeil 
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PRINCIPAL TRIANGULATION, | 


‘PADDLESWORTH, 


' 3-ft. Theodolite, 3.o. 














3-ft. Theodolite, Rs. 





PENDLE HILL. 
2-ft. Thecdolite. 

















From roth May to oth June 1844. Observer: Serg. DonELAN, R.S.M. 
No. Recip, 
Objects. Bearings, of | Range. of Objects. Bearings. 
_ Obs. Weight 
Lydd Church Tr. 42, g" aA. 13 | 14 7: 69 0-75 Goudhurst Church ee 
Fairlight - + «| 54 24 0. Bg 13. | 4:71! 0-24 Tower + + +] 90 14 34-84 
| Brightling Obser- Frittenfield + - - 5 48 18-61 
vatory Dorie : 0 24+28 1:6 0-20] Walton Tower 187 2 5-85 
Tolsford . . e . 24-38 : pe 0-69 | St. Peter’s Church 
Crowboro’» . . 85 0 24:73 7-45 | 0-58 Tower - - | 214 50 4380 
| Ifrant Church Ty, | 88 AI 47-20| 5 | 3-75; 0-75] Folkstone - : 296 43 0-05 
| tee 
PARACOMBE 








No. | Reci ; ; 
Range. | _ of Objects, Bearings. 
bs. | Weight 
ff | Le) / ff 
11 | 6-64! 0o-79 | Precelly 143 53 29°43 
2 | 0-95 | 0-221 Cefn Bryn 156 44 24:03 
4; 1-13) 0-08] Llannon +| 162 33 5499 
I | 12:06! 1-76|NewInn - 164. 43-16+77 
6 | 3°91} 0-51 | Margam Down 193 15 2-95 
9 6:95: - Llangeinor .' 201 4 4°29 } 
. Ny Ogmoor Down 208 49 51-90 
10 | 12-32| 9.37| Cradle - 210 22 18-29 | 
21 3-64) 3-31} Dunkery > -) 274 10 27-46 
| 6-32} 1-96 





Observer: Lieut. Da Costa, R.E. 








. ccip. 
Range. of Objects. Bearings. 
Weight. 
uw | 

7-531 201] Little Whernside | 170 22 40-38 
5°95 i 4:35 | Water Crag - 189 34. 22°95 
9-83 | 6-67} Great Whernside | 211 2 24-71 
3°69 | 1-17 | Boulsworth 294. 34 0-05 
I1-17; 2-63] Holme Moss - 323 5 15:60 
6-76 1-47 | Kinder Scout» -/333 3 4°53 
8-16 | 3°58 Axedge 341 44 19°30 
9:09} 1-82} Whittle 354 35 19:80 
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PENINNIS WINDMILL. 
18-in. Theodolite. 
_ From 29th April to 21st May 1850. Observer: Corp. WorneErsroon, R.S.M. 



































oo No. |. .| .Recip. | aaa No.. Recip.. 
Objects. Bearings. of | Range. of Objects. Bearings. of Range. of 
Obs. | Weight. Obs.{| == | We ight. 


° ‘od | “ | 





 StAgnes’ Light- | : | St. Martin’s’ ay - 
house -«- - . 59 Io 45°05 | 62 17°39 0-36 mark! . . 203 17 45°41 | 12 slag: ae 5°24 





Beacon Hill, Tres- oe Karn Galver - + | 239 44 56-14| 18 | 16-08; I-51] 
cows + + +/156 9g 12-81) 12 | 28-76) gar Pertinny + + +| 244 42 15:92] 17 |.16-15; 2-10 
eae ou 182 37 45. 99 * 11 |24-36| 10-29] Wolf Rock « . 203 9 32:80] 5 | 10-57} 5:96 


\ A correction of — 7’ 28”*99 to be applied to this bearing, to reduce it to the trigonometrical station. — 





eaete ee gies, (Ae eee | PERTINNY. 
3-ft. Theodolite, 3.0. 
From 3ist October to goth November 1845. Observer: Serg. Donenan, R.S.M. 



































; No. | -. | |. Recip. on No. Reci 

Objects. . Bearings.. of. | Range; of |... Objects... . | _Bearings....... | ..of | Range. of 
| | bs. Weight. | Obs. Weight 
Wolf R o ¢ «4 8 “ Heat oO ¢ wy, ft. “48 7 
olf Rock + -| 33 15 3:73 9-30] 2-33|tleusbarrow + +|242 5 44-941 aI -23 | O-0 

Lighthouse, si ee —  P"* ) Karnbrea Monu-| aa 

Island . 64.52 26:05| 9} 4:97| 0-52| ment - + +1245 40 41-60] 8 } 812.] 1-18 
Peninnis Windmill 65 12 32:99) 8} 4-64] 0-55] Karnbonellis + +-|254 2 57:34] 10 | 7-46] 0-79 


Telegraph Tower | 67 29 40-74 8 | 4:81 | 0-79] Tregonning +» +1265 12 34:54| 9 | 10-63] 1-72 


‘St’ Martin’s aye - 3 -| - °“T St. Keverne Spire] 278 38 46-86} 8] 4:86} 0-60 
mark! . 70 54 37:63 | 10 | 5-19] 0-53} Goonhilly. - -| 281 8 53-93] 29 | 7-27] 0°22 

Beacon Hill, Tres- Grade Church Tr.| 292 31 24:68} 10 | 7-53| 0-83 
cow Watch-house? 72 12 43°32 3 5:62 A+25 ues 950 oe hae 

Centre of Tor on | : Enst. + 296 59 47-32| 7 | 4:80] O75 


Western Scilly | -73 55 52-80} -1 
Karn Galver + +| 199 27 37-85 
Karnminnis + +|219 5 50°74 | I 


4:68 | 0-38 Lizard Lighthouse, 
"2°99 t 0-33 - West --. 297 3 51°07 | 10° 6-23 O7T 
6:86 | 0:33 Referrindvoliect< gia 40-02} 5E | 519) = 


cont O 





------ 1.A-correction of + ~ 4g" 28 tobe applied to this bearing, to reduce it to the trigonometrical station.” 


9 
A correction cf + 1’ 4! “ - 99 


PETERHEAD OLD WINDMILL. 
a y-in, Theodolite. 
12th December 1850. Observer: Serge. STEEL, R.S.M. 


ntl PE I SAS PE A SS SSS SSS a S/T TRS SES eA SERS SS SCE A Ta 
























- No. Recip No. = aris | 
Objects. Bearings. of | Range. of Objects. Bearings. of ange. 
; Obs. | : i ‘i Obs. Weight. 





-Reform Monument 7 II 41. 29 y 46-22 41-80] Great Stirling - tf : 
Little Stirling -| 10 13 45-73} 9 | 37-80| 26-98] Sector Station - 357 5 23°51 | 9 | 36-61 | 35°95 
Mormonth . . 125 12 40:73] 9 | 67-58 | 74-18 co 


144 PRINCIPAL TRIANGULATION. 


PILLESDON. 
3-ft. Theodolite, B.o. 
From z2th April to 1st June 1845. Observer: Serg. Donezan, R.S.M. 


























No. Recip. ; No. Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of {| Range. of 
Obs. Weight. bs. Weight 









ie) é ff 1°) / é/ 
Golden Cape + +} 4 24 23-16 ; Staple Hill + +|131 17° 9:02 
Barrow Hill + +! 43 49 37-80 Mendip - + +| 203 46 21-98 
Furland + + +| 46 37 6-69 ; Winereens + +| 248 29 4-97 
Little Haldon +| 61 48 16-19 78 | Coringdon + +/| 287 54 35-33 
High Wilhays +| 81 13 1625 -61 | Swyre Barrow + | 292 54 23°77 
Dumpdon+ + +] 96 14 36-17 ; Black Down - + | 303 32 13:12 
Dunkery + ©; 127 7 23-57 


POOLBEG LIGHTHOUSE. 
7-in, Theodolite. 


11th September 1844. Observer: Mr. H. Gorpon. 


: Recip. No. 
Objects. Bearings. Range. of Objects. Bearings. of 
ine | Weight. : 


/ ff 


Howth» » » + 237 30 9-01 6 33°40 35°42 | Kingstown Obser- : 
; vatory + + +] 346 46 46-48] 6 28-33 28-85 


PRECELLY. 
3-ft. Theodolite, r.s. 
From 12th April to 19th July 1843. Observer: Lieut. Luyxern, R.E. 





Objects. Bearings, . Objects. Bearings. 
Obs. Weight.f  - 








.) / fi “/ ° / ff 4d 
Highgate + + +| 19 46 15:25) 5 | 6-04) 1-64] Trigarrons + +|242 57 9-15| 8 | 6-75] I-10 
St. Ann’s + + +] 44 9 11-62] 2] 0-09! 0-00] NewInn - - - | 264 20 15-82) 7 | 8-79) 2-13 
{Forth + + + +|109 17 7-20] 4) I-94) 0-35] Cradle» + + +|269 1 18:00] 6 | 2:52] O25 
Mount Leinster +| 119 25 49-10} 1 - | 5:52} Llangeinor + +/ 291 46 37-13]; 7 | 6-67! 1+23 
Tara + + + + 1.130 58 32-43; 7 | 3-41] 0-37|Lannon + + +} 296 36 17-48) 4); 6-80} 3-49 
Croghan + + +/132 27 1-81} 41 3-89! 1-05] Margam - + +/298 4 22-48) 6) 9-61| 2-70 
Kippure + * */143 O 5-47) 21 o-54| 0o-071Cefn Bryn + +| 312 40 32-60) 6} 6-30] I-4¥ 
Rhiw + + + +¢|185 35 16-00| 8} 7-93! 31-41} Dunkery - + +|316 8 41-50/ 7 | 2-68 0-30 
Snowdon + + +| 200 30 37:13!) 12 | 4:54}; 0-26|Paracombe + + | 323 10 24-48) 5 | 2-23] o-ag4 
Pengarn + + +/ 211 33 49°64] g | 7-62) 1-03 | Marros Beacon - | 332 27 6:43) 3] 1-72 0:36 
Referring-object + | 211 58 30-09 127 | — — | High Wilhays  -| 338 55 14:87] 6 | 2-73] o.41 
Cader Idris + + | 214 48 14-20] 14] 5-45 | 0-29] Lundy Island + | 355 17 52:94] 6] 5-36] 1-05 
Aberystwith - + | 221 29 36-20) 5 | 1-16, 0-09 | LundyLighthouse | 355 19 36-21) 5 5:09 | 1-37 
Plynlimmon + .-/229 4 38-06 | 13 | 8-46! o-67 | Cadon Barrow "| 357 58 19°73| 6 | 9.20! O18 


aid NEE 2c Oy ESE OS 6 eae RE eee oT 
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QUEEN’S MANOR. 
3-ft. Theodolite, n.s. 
From gth September to and October 1849. Observer: Colour-Serg. DonELAN, R.S.M. 









N e i e . 
Objects. Bearings, @ Bearings 
Obs. Weight. 5 


6 f 4 .°) / ‘/ 
/Wingreen+ + +| 65 54 94. . 0-591 Milk Hill. + +{| 167 48 20- 
Old Sarum Castle | 101 2 as oe Beacon Hill - - ee 29 ace 
Old Sarum Gun +| 107 11 3-62 o-14 |] Thorney Down + | 228 31 29-56 
}Four-mile Stone+| 116 6 4:60 0-17} Butser Hill « -| 282 15 13-92 
Westbury Down: | 125 18° 13-53 0-64} Dean Hill: + +] 312 I 23-27 
Stoke Hill + +/133 32 413 0-43 





RED HEAD: 
3-ft. Theodolite, R.s. 
From 22nd March to 29th April 1847. Observer: Corp. W1NZER, R.S.M. 






























. : No, Recip. No. Recip. 
Objects. Bearings, of | Range.| of Objects, Bearings. of | Range. | of 
Obs, Weight. ' bs Weight. 


ce] é/ 4] ° é él “f 
Sayrs Law + +| 7 25 41-40] 15 |] 8-35] 0-76} Glashmeal + -| 118 30 14:67| 15 al 0-89 
Kellie Law + +| 23 35 59:24] 20 | 5-39] 0-35] Mount Battock -|157 45 55-95| 30 | 7-07] 0-20 
Largo Law + +} 32 22 5:03] 14] 5-01| 0-234 Caerlock - + +1179 15 59-54| 28 | 9-82] 0-26 
East Lomond +} 47 33 34:46| 13 | 4:30] o-25|Broxy - + + +|200 4 21-07/ 19 | 6-34} 0-26 
Craigowl + + +| 76 58 48:56] 23 | 6-70! o-24] Lumsden + + +] 347 12 37-%4| II Sat O24 | - 












1 This point is not identical with that observed in the old observations: the old station is calculated from these obser- | 
| vations, and those taken at the old station in 1814 to have been 48°57 ft. distant from the new, with the bearing 293° 11’. 
RHUDDLAN BASE, EAST END. 
 3-ft. Theodolite, 3.0. 
1806. Observer: Mr. Wooxcort. 



























No. Recip. No. Recip. 
Objects. Bearings, of | Range. | of Objects. Bearings. of | Range. | of - 
Obs. Weight. Obs | “Weight. 
ie) / fé i) ; re} / a“ Ww | 
| Moelfre Issa - +} 56 46 27-47/ 5 | 5-58{ 1-37} Orme’s Head+ +] 101 37 20-84] 2 | 0:03} 0-00) 
West End of Base} 96 58 59-85}; 9 | 3-91} 0-26] Gwaunysgaer -/232 11 0-86] 8 | 10-94} 2:40 





RHUDDLAN BASE, WEST END. 
3-ft. Theodolite, 3.0. 
1806. Observer: Mr. Wooucort. 






















No. Recip. No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range. | _ of | 
Obs, Weight. Obs. | Weight 
ae es et a 
, ° / ; df f fe) / fé “7 
| Orme's Head. «| 103 24 47-23] 5 6-88 £-99 | Bast End of Base} 276 54 3°23| 5 | 6-87 455 
Gwaunysgaer +} 256 20 1-63| 5 | 5-15] 1-27] Moelfre Issa + -| 352 39 23°95] 6 | 8-28] 2°01 








T 
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RONAS. | 


3-ft. Theodolite, 3.0. 


~ 


From 4th to roth August 1821, Observers : Maj.-Gen. Couny, and Capte. Verex and Drumatonp; R. KE. 














es : ‘| No, }- - Recip. 
Objects. Bearings.- of | Range. of Objects. 
| Obs. Weight. 





: 6 / fi ; “ ff 

Foula + + + +/ 39 35.37:90] 9 | 6-71| 0-80] Yell + - 265 {4 21-12) 21 | 7-30| 0-31 
Saxavord + + -|224 59 30-31] i3 7-65 | 0:69] Noss Head 3.247 9:38) 4 _ - 
|Vallafiedd - - -} 229 ar 48-15) ‘3 a ~ |Brassay +» + +1336 39 5:90} 9 | 3-81] 0-24) 


iIctlar- - =| . 252 55 19:67 fe) 6:54. +70 





RU REA. 
3-ft. Theodolite, B.S. 
‘From 22nd May to 26th J une 1848. Observer: Corp. Wien, R.S.M. 


> ~ 
































: . No. -Recip. ; an No. Recip. 
_ Objects. Bearings. — of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 


| o of 4 ° we O fF Mt, . “ 
Storr + + + «| 34 2% 52-82! 31 | 6-64) 0-16} Monach + + °*| 15! 17 46-101 16 [| 7-23] ozo 
Cleisham + + + | 103 24. 1-39) 22 | 4-79] 0-21 | Cnoe-ghiubhais +} 208 33 9-90] 7 | 4:54) O75, 


— . ower ce 


Batvas: + +1137 15 53°37; 31 1493| o-47 | 





RYDER’S HILL. 
3-ft. Theodolite, B.o. 


From 26th July to 22nd August 1845. Observer: Serg. Donenan, R.S.M. | 






























ee —— No. Recip. oo No. Recip. 
Objects. Bearings. of | Range. | of Objects. ' “Bearings. of | Range of 
Obs. | Weight. Obs. Weight. 
hay be : . : soe he i ao Se Bes oe a Ae = - Oa ee 3 ris a ; : : is ee 5 
Ieddystone Hehe Pillesdon - = + | 245 16°65 | 15 | s-49| 0-33 


: | 29 
house - - 36 33 46-55) 8] 5-79] .0-84] Golden Cape -12°T 22 Bea 6-8 0-82 
Goonhilly Down- 61 23 1-16! 20 ees Little Haldon. _ aoe 2 18.56 Fe ee 0:66 
Deadman: + -| 64 19 4:83| 7 | 2-17|- 0-14] Black Down - -| 257 32 16-59| 12 | 3-32] org 
|Tansallos - + +) 69° 4 41-09) 714.53" “Ons Swyre Barrow «| 264 19 37-28|' 9 | 3-69] 0-29: 
Hensbarrow - -| 78 41 28-21 / 15 | 8-191]. o-gg| Vern + + + + | 265 51-24-26] 14 | 5-15 0-23 
Kit Hill Tower -} 93 6 59:16) § | 4°58; 14g] Furland - + +} 302 35 46-65) 5 6-35 1-99 
Brown Willy -... -. sce 12, - nae -0-57-| Referring-object: «| 310---0 44. 97 1138'| 6-161 o-or- 





| Cadon Barrow + | 106 11-43-81 | a5 | 7-01! o-g2 | Barrow Hill - -| 335 35 49-947 | 11 4:68} O--4t 
High Wilhays + | 157 0 20-43 14 | 6-41 | 0-49 : ia 





a ere NE scm pes a oe 
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ST. AGNES’ BEACON. 
| _- 3-ft. Theodolite, B.o. 
From 2oth to 23rd May 1797. Observer: Gen. Mune. ° 




















i No. ci p. | No. Recip. 
Objects. '  - ‘Bearings.....| of { Range. | of. Objects. _ Bearings. of | Range}. of. 
bs. Weight. Obs. eight. 


Karnbonellis -  - 3 a7 26-26| 1] ‘— 7-49] Hensbarrow + - 263, 4 18-68 7 | 1:13) 0-03 
Karnminnis - -}| 61 14 4:20] 7 | 4:70| 0-50] Deadman - - +1] 287 35 38-79] °3| 6-63] 5-25 | 
| Trevose Head -| 205 54 16-89| 6| 7-40] 1-94 - = 


ars a tee nr ~ ee me” 


ST. ANNE'S. 
3-ft. Theodolite, 3.0. 
April 1792. Observer: Gen. Mupce. 




























; , Reei p. Yo. | Recip. 
Objects, Bearings, of | Range} of Objects. Bearings. of | Range.| of 
Obs.}  - Weight. Obs, Weight. 





a 





, Oot uw az | Se Se aes oy ov 
| King’s Arbour 209 8 55:69} 1 ~ | 0-68] Shooter’s Hill -| 258 38 25-00] 2 | 0-00} 0-00 
Hanger Hill’. -|228 10 7-99} 11 | 3:92{ 0-18 | Banstead (Old)? -| 292 6 54:18) 97 | 2954] 0°25 
Hampton Poor- | | Leith Hill (1792)? | 336 9. 56-72] 2] 1-18 | 0°35 

house + + +/|253 27 47975 5 | Sar] os : | 


1 A correction of — 16’ 20”*56 to be applied to this bearing, to reduce it to tho station on the Tower. - 


~ A correction of + ¢ 14°97 ~ soit Banstead, Newe + + - 
3 A correction of + 1’ 18%*38 s “s the station on the Tower. 
Cerner errr en RN SL SSE TS SS SES SS eS SPP SS SS SS SS Pasa 


ST. MARTIN’S HEAD. 
18-in. Theodolite. 


From 29th June to 13th July 1850. Observer: Corp. Wormersroon, R.S.M. 



















; : . No. Reeip. 
Objects. Bearings. Objects. Bearings. of | Range. | of 
: Weight. oan Obs. | 1 Welg.t. 











e of i Md fe) a dl 
Peninnis Windmill | 23 11 57-05 | 19 | 8-69) 0-53] Karnminnis - -| 243 53 1-85] 13] 4:51 | 0-31 
Telegraph Tower | 32 33 34-75| 17 | 6-17] o-51| Karn Galver - - | 244-27 23-25] 25 | 12-51 | 0-66 
| Beacon Hill Tres- , Pertinny + + +|250 26 49-18} 19 | 6:29] 0-43 
cow, Watchhouse'| 83 3 29:78] 8 | 10-57| 2-48] Wolf Rock - - 273 55 3410] .7 | 712] 1:37 






' A correction of + 8’ 32”-9% to be applied to this bearing, to. reduce it to the trigonometrical station.” 
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From 14th February to 15th April 1844. Observer: Corp. Srrren, R.S.M. 





Objects, 


Folkstone + « > 
Paddlesworth- . 
Frittenfield - - 
Hollingbourne - 


From 24th August to 20th September 1827. Observer: Lieut. Porriocr, RE. 


Objects. 


Shantayny + 
Carnmore- + + 
Cuileagh + - 
Bessy Bell + ; 
Barnesmore Con- 
nell -. » 
Kiskaheen - 
Slieve Snaght 
North Ind of Base 
Mount Sandy 





Objects. 


| Tretlar « + « + 
Brassa ° 
Yell 


iRonas - « ° 











PRINCIPAL TRIANGULATION: 


ST. PETER’S CHURCH TOWER. 


Bearings, 





0 éf ff 
27 35 32°17) 5 
35 4 14°13] Io 
66 39 16-781] 5 
78 54 46-17 | 10 


Bearings." 





6 / él 

4 42 58-36) 8 
13 58 38-271 6 
36 17 40-47| 8 
56 59 9°35} 23 


80 22 38:67] 2 


T5I 49 37°31) 15 
155 54 24°72) II 
188 51 27-97 | 26 
189 34 6-97] 10 





| No. 
Bearings. of 
Obs. 
Oo 4 & 
3 8 42-54] IO 


IO 21 43:01| 5 
23 27 5229 | Io 
45 31 716] 8 











18-in. Theodolite. - 


Recip. 
of 
Weight. 


Range. Objects. 











Bearings, 





MW | : oO f «a 
6-79| 2-43] Deptlng «+ + +| 83 0 23-37 


4:84} 0:38] Norwood - + > 
4:66} 1-13} Danbury Spire’ - 
5:36) 0571 Walton Tower 


‘SAWEL. 
3-ft. Theodolite, 3.0. 


Range. Objects. 


Weight. 








4°50] 0481 Benyevenagh 
6-18 | 1-441 Knocklayd 
11°45} 4°19] Trostan + 
7-31 | O31] Divis +» «+ ; 
Slieve Gallion - 
12-89 | 41°54] Slieve Donard - 
5°95 | 0-33|Slieve Gullion - 
5°21 | 0+39| Vicar’s Carn. . 
8-07 | 0-19] Armagh Breagh . 
3°39 | org] Loughanleagh . 





354 55 29°64 


97 50 10:63 
124 2 Q+19 
170 48 35-69 


Bearings. 


193. 28 38:66 
232 36 55°14 
245 42 3°63 
289 0 24:91 
298 32 21-29 
314 2 12-06 
332 55 40-85 
333 33 36-69 
337 8 22-70 





SAXKAVORD. 
3-ft. B.o. and 7-in, Theodolites. 
28th August 1817, Observer: Mr. GarDNER. 
From 28th January to 23rd February 1847. Observers: Corp. Sreen and Priv. Turver, R.S.M. 








Recip. 
Range. of Objects. 
Weight. 
“ | rhs 
5°61 | 0-45 | Gerth of Scaw 


3°14] 0-59] Nive Hill. 
6-93| 0-66] Balta + . 
6-39] I-0of 





Bearings. 


_O ‘oeod4t 
288 5 32-94 


+ | 321 40 27-16 


340 42 47-94 














No. Recip, 
of | Range. of 
Obs. Weight. 
a1 11-38 0-96 
- 9°33 
5 | 4:39] 0-98 
24 | 9:34| 0-50 





1 A correction of + 9”*93 to be applied to this bearing, to reduce it to the trigonometrical station. 





No. Recip. 
of | Range of 
Obs. Weight 














3] 2:21} 069 
I _ 72,9, 
2 | 447| 4:99 
I - 7°22, 
6 | 2:05| O16 














No. Recip. 
of Range. _of 
Obs. Weight. 
a4 10885 48-96 
28 99-63 | 26-75 
9} 3°90) 035 
ra) 








| 
| 








OBSERVATIONS. 


SAYRS LAW. 


3-ft. Theodolite, 7.8. 











From 27th May to sth July 1846. Observer: Corp. Winzer, R.S.M. 














149 











aN 























: 0, Recip. ) No. Recip. 
Objects, Bearings, of | Range of Objects. Bearings. of | Range. of 
Obs. Weight Obs. Weight. 
‘“ oO ¢ & “ / “ | 
Wisp-+ + « 16 47 9<91| 6] 5-77] 120] Largo Law «- - 159, 49 32° 106] 8 3:79 | O40 
Hart Fell + + +| 43 35 51-65] 3] I-40} 0-22] Craigowl - +} 164 48 50-73] 6 | 3°59] 0°43 
Dunrich «+ ° 46 48 48-76} 6 | 3°97| 0-49 | Kellie Law I7I 19 46-26| 7 | 3:35] 0-23 
| Allarmoor: + 96 35 7-71] IL | 3:74] 0-22 Mount Battock -/ 177 58 1417] -3 | 3-02! I-13 
Corkmulaw + +| 100 31 37°88| 1 - 4:89} Caerlock + - 184 40 24-481 8 | 3:39] 0-30 
Bin of Campsie +) 102 3 8-08} 1 — | 4:89 } Isle of May Light- . 
Ben Lomond - 108 9 17-31] 31] 5:26! 3-13!| house IgO 32 11-94] 5 - _ 
Arthur’s Seat 109 34 ~6:66| 5 | 2°58] 0-26} Lumsden - 256 45 27-61| 14 | 6:63) 0-30 
Referring-object + | 113 50 20-00] 85 | 8.64 — | Mordington - 296 22 26-10] 10 | 5*59| O-40 
Ben Cleugh + +/ 119 16 40-33] 8 | 4:02] 0-35] Blackheddon - 296 11 22-70] 9 | 9-74] 1°50 
Ben Lawers + +| 129 33 34:10 9 | 6:59] o-go| Alnwick « : 309 42 I1-58| I _ 4°89 
Teast Lomond: + | 142 16 32-82| 8 | 4:33] 0-38 | Cheviot 320 56 49:39} 14 | 7:66) 1-23 
Glashmeal- » 159 36 21-83] 9 | 4:06] 0-33 
SCA FELL. 
3-ft. Theodolite, n.s. 
From 8th July to 20th September 1841. Observers: Lieuts. Prron and Crarere, R.E. 
i No. Recip. 0. Recip, 
Objects, Bearings. of | Range. of Objects, Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
| oO ¢ Me “ oO of 4 “ | 
| Blackcomb 19 I4 52°80| 10 | 3-03| 0-23 | Criffel . . 153 45 43°29 | Il | 9°53| 1°37 
Snowdon + + 20 38 31-85) 3] 4:83] 2-93|Hart Fell. - 173 32 25:07) 5 | O71) 2-48) 
Llanclian - 31 45 38-86) 4] 14-91 | 16-13] Wisp - «+ + 189 31 25:96; 6] 7-68| 2°59 
| Holyhead - . 37 45 50°86] 2) 4-32] 4-66] High Pike - 199 23 59°43| 7} 3°58) 0-38 
| South Berule - 70 55 36°88) 6 | 5-14] 0-97 | Cheviot 210 28 54:36] I - 9°54 
onea Tell. . 75 51 16°39! -7 | 5:76} o--¢o]| Helvellyn - 234 7 18551 47 1. 49364 0-64) 
North Berules +} 77 7 0-84} 8 | 3-16! 0-36|Cross Fell. . 239 6 52-22] 11 | 7:06| 0-63 
Mull of Sere ay IOL 23 34°:47| 3 | 4:30| 2-20] Water Crag - 274 6 11-28] 51 7:96) 3°25], 
| Dent Hill. .- IOV Il 3:27] 5 3:81 O-71 Calf e.g 281 AI 13+39 6 9+30 3°56. 
Glasserton- + 109 41 21-28} 4] 4-22 1-18 | Great Whernside+ | 291 58 11-83] 10} 6-13] 0-61 
Benereard - 122 26 36-47] 3 | 3:06] 1-05] Little Whernside- | 295 16 15-73 | 10 | 10-73] 2°56 
Cairnsmuir of Fleet 128 59 39:°77| 61} 7-61{ 2-50} Ingleboro’. 300 50 23-351 7 | 13-54] 6-36] 
Merrick -} 133 50 41:88} 7] 8-52) 1-88] Boulsworth - B14 4 59:20} 2] 1-02] 0-265 
| Ben Cairn. 135 45 48-06, 2] 1-12] o-31| Pendle - ‘ 317 10 43°86; 5 | 4:52) O-9T] 
Cairnsmuir on 3 ' Whittle Hill - 324 23 43:98| 6} 4:75] 0-89 
Deugh + + +} 144 37 56-91 5°67 | 2-03] Beryl - + | 350 43 43°22] 5 | 362) O73) 


150 PRINCIPAL TRIANGULATION. 


SCARABIN. 
3-ft. Theodolite, B.a. 


From 11th June to 23rd July 1839. Observers : 


Recip. | 


Objects. 


| Ben Macdui - 
Duke of Suther- 
_Jand’s Monument 
Ben Wyvis 


Ben Clibrig - | 


Foinnebheinn 
Ben Hope - 

Ben Hutig - . 
Wart Hill Hoy - 
zm nene Head 


Bearings. 


“oe 4 4 
2 6 =, 


4d 32 34°66 
92 18 27-60 ° 34° 


106 18 46-26 | 
IO 15 1:08) 
124 43 59-81 | 
190 48 26-60 | 
194 18 25-00 


3 
18 
a 


ee 
16 


28 


Range. 


of 
Weight. 


ya yes 


4°36 | 
10-84. : 


14°25 
4°02 
6-31 
10-22 


6+93 
T1+25 


2-11 
O97 
0-56 
Id I 
1-45 
0-25 
O-49 
0-48 


Mormonth-. .-. 


se see = ei 


nd 


South Ronalshay | a0 210 ‘50. 55: 0) 
Ben Cheilt 227° 56 36-9 
=| 306 9. 53:5 

-| 316.57 3-70 

| 319 46 57-21 
Bee a eich he rad 
ee 19 56-99 
343 24 9-16 
346 17 4:05 


Cowhythie - 
Manor Lee 
Bin of Cullen 
KKnock - 
Tindlay Seat - 
Corryhabbie - 


SCOURNALAPICH. 
3-ft. Theodolite, 3.0. 


From rsth July to a5th October 1846. Observer : Serg. DoneLAn, R. SM. 























No. Recip. ; : No. 
Objects. Bearings. of | Range. of Objects. _ Bearings. of 
7 Obs. | Weight. Obs 
of 4 “ ° 4‘ o4 
Mamsuil 20 18 379 12} 4-13 | 0-30] Ben Wyvis 219 40 27-55 | 2 
Ben More, South Balnaskerrish 233 56 37:36) 22 
Uist - 85 43 13° ae. 20 9-98 | o-10| Balrinnis - + +| 267 15 13-01} 11 
Cleisham - 123 4 25-94, 18 | 6-21} 0-28] Corryhabbie - 270 37 21-55 | 39 
Monach - +1146 30 20-95! 11 | 4-70! 0-34] Ben Macdui + -j;291 1 46-95) 31 
Glashmeal, Ross -| 166 51 15*51| 9 | 5:65 0-52 Referring-object - 351 58 39°99 |240 
Ben Clibrig ° 201 31 57°87 TI 8-97 0:56 Ben Nevis ° 256 54 Ol 54 34. 
es nen eee ee ee 
SEVERNDROOG. 


-3-ft. Theodolite, B.0. and rs. 
‘From 2th October to 3rd November, 1822 


From 2oth January to 2gth March 1848. Observer: Serg. ‘DONELAN, R.S.M. 


i 





























No. Recip. | No. 
Objects. Bearings. of | Range, of Objects. _ Bearings. of 
Obs. Weight. Obs. 
Oo vw a“ | S- Ge 
Leith Hill Tower! 43 7 6-16j| 80 | 12-10' 0-08 | Greenwich Obser- 3 
Banstead, New +| 49 4 .5:68} .4| 3-86 1-02] vatory Dome! -| 106 31 22-94 
Hundred Acres +} 50 48 36-69) 41] 4-44| 1-53] St.Panl’sCathedral] 115 33 25-03 
St. Anne’s, Old -{ 79 31 51:50} 9 6-60, 0-89 | Berkhampstead -| 158 23 44:85 _ 
Windsor Castle | . Chingford - 167 16 45-76 | i 
Tower : -| 92% 39 20-67) 4 j-07 | 3°66 Epping Poor-house ! 
Hanger Hill Tower, 104. 19 21-66 39 | 7°85} oro} Cupola - | 189 20 I: 08 | 3 
\Vostminster sail Gad’s Hill | o87 32 14°53 | | 
bey Pole 105 42 10:09] 21 | 6-66 | 0-33 “Wrotham - a 316 42 58 “AD Fees 








1 A correction of — 7’ 48”+57 to be applied to this bearing, to reduce it to the transit. 





% 


Lieuts. Hornby, Ropinson and Prron, R.E. 


| 











Weight. 


O-30 
0-29 
0:90 
O-15 


oe 


0-23 


Observers : Major-Gen. Corny, Capt. Kater, and.Mr. GArpNer. 


"| Recip. 
ge: of 
| Weight. 


0-46 
O13 
O94. 
0-06 


0-31 
O-4d. 
0-06 





al 
t 


NT A RR nae ae ae 


OBSERVATIONS. — — I5t 


SHANKLIN DOWN. 
18-in. Theodolite. 
8th August 1846.. Observer: Corp. STEEL, R.S.M. 


























es No. Recip. No. |. Recip. 
Objects. Bearings, of | Range of Objects. Bearings, of | Range. | __ of 
Spe Se Lae Ob: . .. | Weight | oe Obs. Weight. 


Week Down: ; 40° 58. 55. hae 8 
Dunnose : + + aie IL. ae 8 


{ { 


8.84 1-84 Boniface Down - 34% 63 10-23 8 6.74 I-11 | 
- 3°39} O31 ee - a ‘6 








SHANTAVNY. 
- 3-ft. Theodolite, B.o. 
' From 4th to 15th’ May 18 ae Observer: Licut. Portiock, R.E. 
| Resp. 


Objects. - Bearings. Objects. ‘Bearings. 
Obs. ; Woleht 


/ 


Cuileagh - + - 55 14 31-47 . 9°59°| Slieve Donard_ - 294 39. 36-88 


Bessy Bell + +} 136 2 58-73 4°30] Vicar’s Carn + +} 305 0 52°84 
Mullaghearn - + | 157 35 25-17] 3 ; 2-10} Carlingford + «| 311 27 50:62 
Sawel- -| 184 40 40-121. 9 | .9: I+53 Armagh Breagh + | 314.19 16-10 
Slieve Galion -1 218 47 46-75 0-60 | Slieve Gullion - 314 28 17-96 
Divis - + + +|259 19 20-79 o-15| Mullyash - +» +/ 323 4 49-15 





SLIEVECALLAN. 
: 3-ft. Theodolite, BO. a 
an aed Septéniber to'2nd October 1837, ‘Observer: Capt. Portiock, R.E. 


¢ 
































Bide . No. Recip. a ne ‘: Recip. 
ects. _.. Bearings... __ oe |_Range of. . ...Objects... ... . J... .. Bearin of..j. Range. ; -of .- 
. : Obs ae | Weight. | ; ; Obs. Weight. 
; re) ah Me | | “ , | ‘a oO. ¢ 4 . ; , 
Baurtregaum ae 28 29 39-12 : oo a 8-261 Meclick - vote 289 IO 5°75| I = 8-26 
Slievecarran + "+ | 211 42 58-75} ‘1 ‘- .| 8-26} Newtown, Lime- . | ; 
Gortourka , ; ° | 245 38 56-57 "6 709.  rS80l° yviek « + 6. 299 43. 3° 46 I §-26 
Mooghane + ° + | 283 30°50-58| *1 | — | 8-26] Clonoula ’. .. | 338 3 Bt 63) T — 8-26 


i er on aS ere er ee. ae EE TR Oe eb ee be ap 5s Ct en Les ree oe ee! Pe + emenrr <M, re Se 7 ot te rails . | 





SLIEVECARRAN. 
3-ft. LTheodolite, B.o. 
From gth to 18th August 1837. Observer: Capt. Portiocx, R.E. 


. ‘ ce ae a gi Mads ad a A chai a ePat tarié. wor te -. | No- Recip. 
Objects. Bearings. , ‘ jects. Bearings, of | Range. | of 
- ‘Obs. _| Weight. | _ Obs. | Weight. 


atag) 6-39 


Gortourka: ~ aa To" 1140.62 ~g 7 9730" 1°77 | Newtown, Galway] “ra 31 66° 4 
Slievecallan . +] 31 55-30-19 Ee 2:79 | ©O-46| Gorathorna - «| 297° 36 28:97] .3 | 2°71}; 0°95 
Bing 3 


Black H ead 


. 2: I-92 
Bencorr 3°79 


+ | 106.58 43-15}. .5 | 3°55] 0-58] Keeper ++ «| 307 © 29°56. 
cae cao = 5°95 


Dd 








152 PRINCIPAL TRIANGULATION. 


SLIEVE DONARD. 


3-ft. Theodolite, ns. 


From 19th August to 18th December 1845. Observers: Corps. Forsyta and Winzer, and 
Priy. Stewart, R.S.M. 




















No. Recip. t No. Recip. 
Objects, Bearings, of | Range of Objects. Bearings, of | Range. of 
Obs, Weight bs. Weight. 








o 4 «4 oO ¢f «4M 7 
Howth» «+ « . 6 16 22-49) 12 | 47-99} 0-57 | Trostan « 17I_ 9 49°62] 24 | 6-921 ovat 
Kippure + + +] 13 51 12-00] 26 | 11-33] o-51 | Divis . 17% 31 46:07! 40 | 15.021 0-28 
GarristownWd.mill| 24 32 45-41] 5 5-34| 4-71| Benereards + +| 212 48 32-88] rr | G00} 0-59 
Castlecoo + + +) 27 9 44°81} 5 | 14-79] 13-15] Cairn Piot + +] 216 14 O42] 14 | ZeIE| 0-48) 
Croghan + «+ +| 44 30 43-65| 10 4:62 | o-39| Merrick + + +/220 4% 42-50) 8 | 1-96] O-07 
‘| Loughanleagh +| 65 11 21-20) 2| 5-37] 7-21 | Mull of Galloway | 233 18 29°34] 4] 3:25] 0-78 
Slieve Gullion +} 79 13 27926] 9 | 10-82] 2-48] Oriffel - + + *|239 20 50:09] 12! 4:73] 0-36 
Mullyash - + +} 89 31 13-86] 5113-42} 7:951Sca Fell - © +1259 5 10:02] 13 | 6-84| 0-46 
Cuilengh « + +{ got 50 I0-05] 7] 2-52] 0-241 North Berule - 262 22 21-01! 2] 1-07] 0-28 
Vicar’s Carn + +! 106 53 9-45] 11 | 11-30] 2:69]SneaFell- - 963 51 34°86| 2{ 1-97] 0-97 


Referring Object | 130 5 13-06 |161 - — | South Berule- +] 271 53 16-88] 19 | 7-75 | 0-97 
Nawel + + + ¢| 134 56 41-86] 34 | 6:55 | o-t8]| Snowdon + « > 


314 38 39°43 | 21 | 6-40} o-22 | 





'SLIEVE LEAGUE. 


| 3-ft. Theodolite, 3.0. 
From 14th November 1824 to sth January 1828. Observer: Licut. Portiocx, R.E. 





























a a a a I a a a aT en) 
. | No, Recip. . No, Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range, of 
Obs. Weight Obs. Weight. 
io] / f/f df 1 ‘- 2) é f/f fi : 
Knockalongy + = 3 54 32°99] 13 | 22-30| 4-18] Slieve Snaght + | 234 51 13-82) 2) 3-75) 3-57 


iNephin - « +] 31 28 44-93 
The Reck- + +| 32 28 15-92 
Slieve More - +] 51 28 45-90 
Lawnaghmore +} 55 51 17-92 


6-35 | 3-41 |BarnesmoreConnell! 259 55 18-33] 8 | 10-74] 2-68 
11-26|17-85| Breesy> + + + 
4:40| 4-84] Cuileagh «+ + - 
16-87 | 8.71 | Knocknarea + - 


285 5 53°78) 4 / 851] 5°73 
310 24 46-20! 5 | 5:04] 1657 
348 49 38-45] 14 | 8-38] 1-713 


CV 19 OO SI Oo 








SLIEVE MORE. 


12-in. Theodolite. | . 
From 17th to 19th August 1831. Observer: Serg. Douty, R.S.M. 





























. No. Reeij Dp. No. Recip, 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs Weight. Obs. Weight. 


: f él ° / fi 
Tawnaghmore - 023 20 56+16| 10 |Repeated| 0:07} The Reeck- + +| 316 29 54-14] 27 Repeated! 0°27 
Nephin ee 8 2,69 13 10:97 | 10 Angles. 0:07 Bencorr «+ + «= 342 25 55°61 7 | Angles, 4°84 





Oe ee ee ae ee ee See, — 
. 


ni ie Ri etinn seinen ERE TIEIE 
: i 
= el 
Pr ia 
— 


yr OD EN NTE RAE IRE wh sade Nl ba Tg ln Sear 
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OBSERVATIONS. 


SLIEVE SNAGHT. 
3-ft. Theodolite, B.o. 


153 


From 29th September to 25th October 1827. Observer: Lieut. Porriock, R.E. 


Objects. 


Bessy Bell 
| Cuileagh + + 
} Barnesmore Connell 

Slieve League 

Ben Tartevil - 

Jura + «+ -« 

Carn-na-leagh: 


| Knocklayd 


From 16th J uly to 21st November 1842. 


Objects. 
Precelly + + 
Rhiv - «+ + 
Tara « « « 
Kippure ' 
1 Howth - ° 


Holyhead - 
‘| Slieve Donard 


e 


@ 


Moel Rhydladd - 


Lianelian - 
South Berule - 
Snea Fell. « 
| North Berule - 
iSca Fell . « 
Black Comb + 





Bearings. 


o é df 

3 56 43-66 
15 42 47°17 
37 52% 38-29 
55 58 38-50 
223 20 1°33 
226 20 30-56 
261 55 29-69 
27% 43 29-64 


Bearings, 


o d “f 
QI 4 12°58 
55 6 6-42 
74 56 27°38 
95 31 34°54 
105 5 44°54 
124. 28 18-g1 
136 7 51-72 
137 43 39°85 
158 IL 20-74 
162 10 913 


1169 18 44:44 


I7I 20 59°85 
199 50 40-20 
900 10 26-25 


From 16th to 24th May 1845. Observer: Priv. 


Objects. Bearings. 


re) é dt 
Motteston ° 3 19 37°77 
Nodes Beacon’ «| 19 34 36-61 








Objects. 
Weight. 


~ 
8 


trta 1d Hens 


ae ae 


0:83 
2°90 
2°59 
1-53 
1°03 
7°18 
0°59 
1:08 


‘Mount Sandy - 
Cundtham - 


Trostan -« « 
Diyis . 


bd A CANO Gr 
pNnw~y Pwo W 


Slieve Gallion 
Sawel - «+ « 


tn bb Hoo A DOO 


ae 


SNOWDON. 
3-ft. Theodolite, ns, 





0 Recip. 
of | Range. of Objects. 
Obs. Weight. 

M/ 
6} 2:47| 0-24] Beryl - « + 
5 | 7:04] 2-05] Ingleboro’+ . 
3 | 1-82] 0-37] Moelfre Issa - 
2| 1+54| O69 | Whittle ; 
2] O54} 0-07 | Billinge ° 
6 | 5:06| o-g1 | Heswell ; 
4} 4°91| 2-17] Axedge «+ + 
4] 4:96] 1-70 Cyrn-y-Brain « 
7 | 8-92] 2-14} Lonemount Pole - 
4. | 10-92 | 10-10 Plynlimmon ’ 
3 | 3:24] x17] Cader Idris. 
2{ 6:20} 961} Tregarron- - 
3 | 3°47] 1-35|Pengarn « 
I} .— | g-x1 | Aberystwith - 

SOUTHAMPTON, 


to-in, Theodolite, 








No. Iecip. 
of | Range | of Objects. 
Obs, Weight. 


10 07.65 14-28 | Dean Hill. ; 
8 | 31-41 | 37-83 | Dunnose + - 


North End of pate 


South End of Buea 


Bearings. 


o / f/f, 

273 26 45°74 
+1275 48 30-68 
981 18 43°61 


282 5 30-75 
309 15 51-55 


+ | 324 24 17-73 
*| 335 39 50:08 


Bearings, 





2 f dé 

-| 218 16 40-48 
+|221 35 53-74 
*1239 15 23-27 
{240 21 10-17 
(241 8 48-83 
+1245 18 29-91 
»| 261 50 24°62 

272 49 O91 

305 O 16-42 
*| 343 25 1:29 
+ | 344 34 56-30 
°1 350 24 40°73 
e 356 8 19°58 
*) 359 44 47°72 


Scort, R.S.M. - 


Bearings, 





126 38 5-75 
°1336 11 3-28 


307, 7 15°09] 








Recip. | 


nge. | of 
1 Weight. 


0-28 | 
O-41 
0:36 | 
1-82 | 
5°48 
1°70 | 
0-60 | 
O-31 | 





Observers: Licuts. Prron and eames R.E. 








No. Recip. 
of | Range. of 

Obs. Weight. 

Mt 

2] 1-79] 0-80] 
4 | 4:26) IeT4 
7 | 8-88] 2-18 
5 | 4:39) 1-01 
7 | 5°50} 0°69 
3] 4°22) 247 
3] 956) 4°79 
8 |. 5:88 | 0-64 
4 [ 7°93 | 3°14 
41 3°48{ O79 
16 | 8-91] 0-66 
2 | O59) 0-08 
5 | 4:73] 1-01 
3 | 0-53] 0°03 | 
No. Recip. 
of | Range. | of f 
Obs. Weight. 








10 45.84 40:66 
17 | 44077 | 12-0 


ena ere seen cee eee eer eye pense ae A 
1 A correction of + 285 to be applied to this observation, to reduce it to the trigonometrical station. 


w.. 


154 | PRINCIPAL TRIANGULATION. | | 


SOUTH BERULE. 


3-ft. Theodolite, rs, | Le 


From goth June to 6th August 1845. Observers: Corps. STEEL and ForsytTs, and Priv. Mounrayne, R.S.M. 




















Benereard + 17 2 8-05| 6 | 10-18|-3-52| Snowdon - + +] 341 41 50-13 0-61 
Merrick + + +| 186 38 21-37| 20 | 11-9g9| 0-81) | | 





No. Recip. 
_ Objects. Bearings, oe Range. Weight, Onjeste Bearings, 
: : o 4 & “ . ; | : 
Kippure + + «| 46 9 17:55| 16 | 5°58] 0-27] Glasserton - - 190 58 15. 09 | 7:03 | 0-43 7 
Howth. + + «} gy 28 38-11] 8 | 6-62] 1-00] Cairnsmuirof Fleet] 192 48 41-09] 3 2°35 : 
Slieve pipes +] 92 54 35°32] 24 | 10-2 0-60] Criffel - + - «| 216 58 59-61] 1 0-21 fe 
Divis . . -1120 56 26°59) 9 | 5:63) 0-Go]Snea Fell: + - | 226 51 29-99 1-12] 0-86 ; 
Trostan «+ . «| 136 41 52:20) 17 |14-85| 1-25] North Berule -| 228 48 19-09 | 1 . 2,00 : 
Carn-na-leagh + | 151 32 26-80] 4] 3-34] o-79| Dent + + + +|242 22 49-92 I 02 | 0-67 
Cairn Piot +. + | 162 58 20-61] 17 | 12-43] 1-02] Sca Fell + - +} 249 44 48-27 0-49 
Referring-object | 167 21 27-42] 20] .— |. — | Black Comb + -| 261 37 15-82) ‘ 0-44 
Mull of Gaowny 167 21 38-50] 15 | 6-38; o-4o]Ingleboro’- - -| 268 a1 27-13 3°76 | ] 
i 


SOUTH LOPHAM CHURCH TOWER. 
a-ft. Theodolite. 
From 26th November 1844 to toth J anuary 1845. Observer: Corp. Bay, B.S. M. 


ee ed 


EEE AF tn 1 


. ecip. 
Objects. Bearings. ge. jects. Bearings, 
Obs, Weight. . 


ine 


/ o / ft 
Lawshall Tower - 34. 53 47° 71 0-39 | Bunwell Tower - | 220 18 32-90] 13 
Brandon + - +] 92 40 41-48 1-15 | Laxfield + + -}292 20 51-65} 9 
Swaffham Spire’ + | 143 35 8-07 | 0-52, | Stradbrook Tower | 294 24 53-65 | io. 
Hingham Tower+|177 18 42°69] | : o-17 | Mickficld?- + -| 336 57 51-06] 10 
| Referring-object -{190 11 6-82 — 


1 A correction of + 17°41 to be.applied to this bearing, to reduco it to the trigonometrical station. 
_ 2 A correction of + 2°54 - “ is ie ge FH 





SOUTH RONALDSHAY. 
3-ft. Theodolite, B.o. 
From 19th to 26th October 1821. Observers: Capts. VetTcH and Droumauonpb, R.E. 


_ 


- * ie a — : . . s. nm 7 Ot om . 
es ; | seit No. | Reeip. No. Recip, 
Objects. Bearings. of | Range.| of Objects. _ Bearings. of | Range. | of 

Obs. _| Weight. Obs. | Weight. 


























oO fs 4 yy Ee, ig x 
Ben Cheilt e e 26 27 48 "42, Ia 5°55 O- 58 Ben Hutig . : 74, 53 54-61 y a 4:29 
Scarabin * ee B31 24 6: "43 6 3°50} o- 54 Wart Hill Hoy - 120. «68 45°22 17 6:07 0-30 
Ben Clibrig © e{ 55 10 38- 21 3 3°70} I: 53 Deerness - - .*]| 210 24 19°25] 20 4:42] 0-12 
Dunnet Head +} 63 17 12°86] 3] 2-80! 1-05 | 
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SOUTHWOLD CHURCH TOWER. 
2-ft. Theodolite. 
From 7th to 30th September 1844. Observer: Corp. Bay, R.S.M. 


































; ; | No. Recip. No. Recip. | 
Objects. Bearings, of | Range. | of Objects. Bearings. of | Range.| of | 
Obs. Weight. Obs. Weight. | 

o / dé df °o / Mi df 





2| 045) Toft’s Tower + -| 159 38 41-41] 10 | 4-89] 0-43 
I 1-28 


Orford Castle +} 21 14 33-59] go} 4: 
” 0-99 | Gorleston Tower | 186 22 18-04] 10 | 1: 


8 
Laxfield Tower -| 82 19 13-84] 11 6 






| STOKE CHURCH TOWER. 
2-ft. Theodolite. 
From roth Ja anuary to and May 1844. Observer: Corp. Bar, R. S.M. 




















No. Recip. No. | Recip. 
Objects. Bearings, of | Range. of Objects. Bearings, of | Range of 
Obs. Weight. Obs. Weight 






Danbury Spire -| 35 51 33: ‘69 13 585 0-39] Otley - - + - 231 42, 2460 IO |. 1-00} 0-02 
Lawshall Tower - 148 Il 41+39; 13 6-10 | o- °45 Retenins obieal 272% 34°49:95 89 = - 
Naughton Tower | 198 19 25:77] 10 | 5-02] o-41| Walton Tower -| 296 49 49:-72| 14] 3:32] 0-12 


STOKE HILL. 
3-ft. Theodolite, B.o. 
From 17th December 1849 to 4th February 1850. Observer: Corp. JENKINS, R.S:M. 


























: No. Recip. No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range of 
Obs. Weight. Obs. Weight. 
’ of @ Ut ° ‘ow “ 

Wingreen ie a Oe 5 41 47°79 | 24. | 8-33] 0-35 | Thorney Down - | 306 26 46-13} 6 | 5:34 0-84 | 
Westbury: + +] 76 57 42-08] 48 | 10-32{ o-14] Dean Hill. - -|312 58 2-92] 22 | 6-37| 0-21 
Milk Hill. -. - 23% 45 36-38 2d. 6-51 0-28 Queen’s Manor - 313° IQ 26- O4.| II 4°36 0-28 
Inkpen + + +/257 38 22-93] 26 | 4-49] o-11 | Old Sarum Castle | 317 43 52: 81] 13 | 4:94] 0-32 
Beacon Hill - + | 292 18 42-30] 25 | 8-35] o-a1] Four-mile Stone-| 319 39 8-95] 27 | 9°95] 0-33 


Old Lodge + +| 297 37 58-45] 12 | 554] 0-49 





STORR. 
3-ft. Theodolite, n.s. 
From 26th September 1847 to 26th February 1848. Observer: Corp. Winzer, R.S.M. 


- 


























3 No. Recip. sh No. Recip 
Objects. Bearings. of | Range. of Objects. Bearings. of of 
- Obs. Weight. Obs. Weight. 





© f fl . ff o / i 
Ben Heynish- -{| 21 20 18-84] 6] 3-85} 0-71 | Cnoc-ghiubhais -|210 2 36-12 
Ben More, South ; ) Ru Rea - + +] 214 .0 45-81 
Uist- - - «| 68 o a-gr| 2 g-70.| 0-371 Ben Clibrig . +} 931% 37 12-21] 
Cleisham . . . 143 52 7-421 33 | 7-23] 0-24] Mamsuil - - -|29r 9 52°14 
Monach + + «| 175 30-21-81 25 | 8-88] 0-23] Ben Nevis - -| 317 26 17-03 
Ru Stor + + +| 209 24 37-721 13 | 5-65} o-4o] Ben More in} Mull ‘aa 3 — 22 





156 - PRINCIPAL TRIANGULATION. 


STRONSAY. 
3-ft. Theodolite, B.o. 





From 28th October to 1st November 1821. Observers: Captains VercH and Drumsionp, R.E. ii 


No. Recip. ‘ No. Recip, 1 
Objects. Bearings, of | Range. of Objects. Bearings. of | Itange. of | 
| Obs. Weight, Obs. _ | Weight. 


“ Dn ag . ; : ; 
-{Deerness + + « 36 50 18-97 23 | 5:66| o-18 | North Ronaldshay 
Wart Hill Hoy -} 65 8 16-50) 12] 8-51) o7| Lighthouse -| 196 57 18:31] 5 | 1-88] o-39 
jIritty full. . . 129 32 53°86 ].17 | 6-55 | oOo] Start Lighthouse | 205 3 47°23] 8] 6-71], 1-18] | 7 
: Fair Isle - + +{225 29 33°49] 9 | 2-93| 0-21 





SWAFFHAM CHURCH SPIRE. 


18-in. Theodolite. 
From 7th September to goth October 1843. Observer: Corp. Stren, R.S.M. 


Recip. . : No. 
of Objects. Bearings. of | Range. 
0 


Objects. | Bearings. ge. 
Weight. bs. Weight. 


| ° 4 4 Mf 
[Brandon - + -| 9 53 5°37 10-64, 
Cheveley Tower-| 17 53 49°20 8-80 
| Newmarket + ,.| 21 35 31:04 12-17 
Ely Minster - -| 46 25 29-88 10-49 
St.Peter’s, Walpole} 106 I 49°75 13-86 
Lynn, Old Tower!| 120 25 26-42 12°04 


Baconsthorpe Tr. | 229 53 32°38] 41 8-31 
Hingham Tower-| 291 1 41-58 | 22 | 18-61 
S. Lopham Tower | 323 21 12°18] 5 | 10-17 
Lawshall Tower + | 357 34 51°63] 8 | 11-50 


me Oo H Go G2 OS 
cow eH ONT LY 


cco cl H 


1 A correction of — 3°07 to be applied to this bearing, to reduce it to the trigonometrical station. 
2 A correction of — 4°°35 - 9 ‘ 





t 
: 
| P oO ¢ 4 MM 
Boston Tower? -|127 36 2-48) 5 | 10-98] 6- | 
| 
SWYRE BARROW. © 


3-ft. Theodolite, B.o. 


From 18th March to 8th April 184, Observer: Serg. Donrtay, R.S.M. ye 
. : No, Recip. , No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range} of 
| ss Weight. Obs. Weight. 
































Little Haldon -| 88 7 13°50} 7] 3-18 0-32] Beacon Hill + +|202 © 54:31] 10 | 7-32] 0-80 
ich Wilhays . 94. 28 10-93} 10 8-57 1-36 Dean Fiill- «+ >= 213 10 55°52] 12 3°79 0:20 
Black Down + +| 105 48 57°51 | 13 | 9:76 0-83] Coringdon '+ +| 249 45 25:96| 12 | 6-86] 0-68 
Pillesdon - « «| 113 28 15-01 | 10 | 6-88] 0.88]| Nodes Beacon! + | 259 57 50:01} 2] 5-28] 6-97 
Wingreens - « {178 41 18-76] 13 | 5-33] 0-42] Dunnose + +. +] 268 24 0-15] 15 | 10-41] a-68 


9 4 4l / : 
Vern + + + *{ 79 16 13-65) 12 | 4:64] 0-26] Horton’s Gazebo - 198 43 48-36] 4 781 4:89 : : 
1 A correction of — 46’:30 to be applied to this bearing, to reduce it to the trigonometrical station. : 
= ‘ 
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TARA, 
3-ft. Theodolite, 3.0. 
From 8th to 20th November 1829, Observer: Lieut. Portiocr, R. XK. 


























No. Recip. No.. Recip 

Objects. Bearings. of | Range.| of Objects. Bearings. of | Ran of 
Obs. Weight. Obs. Weight. 

0 / “/ il .e] / ‘/ df 

Forth + + + +} 28 54 40-75] 17 | 8-98] 0-85] Ballycreen + + | 157 42 46-84| 101 5-94} 0-65. 
Vinegar Hill. +) 46 11 14-38] 10 |} 4-73] 0-57]Kippure - + +] 171 50 34-71] 10 | 3-42] 0-28 
Slievecoiltia + +} 50 45 20°52] 4] 2-34| 0-35|Collin Hill + +1203 13 23-67] 10} 5:06] 0-45 
| Blackstairs -° +! 67 29 12-94] 7 | 5-81] 1-08] Snowdon - - +{|253 13 56-80] 3] 2-64]. 0-85 
Mount Leinster -| 76 55 9-48) 8 | 8-87] .1-37] The Rivel + +|254 56 19-09] 4] 7-9r| 4:20 
6-64] 1-51 


Croghan + + +(146 14 14:54] 10 | 4:65] oO-51]Precelly + + +} 309 50 13-361 6 





TARBATHY. 
3-ft. Theodolite, B.o. 
From 7th to 30th May 1817. Observer: Mr. GARDNER: 


























; ; No. Recip. , 0. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings, of | Range of 
Obs, Weight. Obs. Weight. 





o 4 4} a Oo ¢ @¢ 4 
Blue Hill- + +] 14 44 38-95] 7 | 1-18| 0-46] Over Hills + +{/155 10 54-80] 6 3-18 0-62 
Caerlock + + +} 45 37 0-62] 51 3-66| 0-64|Dudwick - + +/ 184 42 29-38) 41 2:97] 0-61 
| Mount Battock -| 54 36 7-01]. 3.]. 3-95| 218|Layton + + +/199 1 31-92] 6} 3-34] 0-34 
Brimmond + +| 66 42 54:85| 8] 2-76 0-16 Little Stirling +|209 21 52-14] 4418-26 | 27-57 


TAUR. 
| 3-ft. Theodolite, 3,0. 
From 5th to 13th August 1832. Observer: Capt. Porriock, R.E. 


No. | 












































: No} Recip. Recip 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
of @ y | | 
Caherbarnagh 8 52 3241] 221 6-55] o-22]Galtymore - - a5” 12 "58. ‘92 6 4:46 099 
| Mangerton + +] 39 37 21-31] 8} 5-91] 1-02] Knockanaffrin +{ 266 19 27-99| .3| 5:32] 3:82) 
Colly Mountain +| 62 15 21-04] 4] 4:25] 1-40] Knockmealdown:| 270 19 21-55] 31] 0°63] O-os 
Baurtregaum> +| 86 8 43-94) 7 | 2:35] o-17|Knocknaskagh + | 286 50 54:31] 22] Seer] 0-18 
| Brandon + + + gO Il 7-77| 1 — | 3-99] Rock Hill. +} 303 18 35-46] 21] 1-72] 0-73 
Knockanore + +| 134 21 36:10} 7 | 10-80| 2-58} Mount Hillary *1 305 54 29-88] 29 | 5:68} 0-09 | 
jMeclick + + +|207 45 0-75} 2| 1-43] o-51|Musheramore +! 337 54 45-92| 4 | 1°33] O-I5) 
| Keeper + + +[225 27 1044) 7 | ZAI] 153 | 
TAWNAGHMORE. 
12-In. Theodolite. 
From roth to 13th September 1829. Serg. Dovuty, R.S.M. 
No. of] No. of | Recip, . No. of} No. of | Recip. | 
Objects, Bearings. Repe-| simple of Objects. Bearings. Repe-| simple of . 
titions.| Arcs, | Weight. titions.| Arcs. | Weight. ’ 
‘(poor oO 4 & | Ot 
Slieve More - -| 43 43 31-68] — | 14 | 2-06] Knockalongy- +| 281 12 32:06] 20{ —- | 3! 


Slieve League -|235 7 43-90] 28 I 0-68} Nephin + + +| 334 17 16:39] 52 3 |. 0°31 
z= 
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TELEGRAPH TOWER. 


18-in. Theodolite. 


From 28th May to 19th June 18 50. Observer: Corp. WorHErsrooy, R.S.M. 





























No. Recip. No. Recip. 
Objects. "Bearings. of | Range. | of Objects. Bearings. of | Range. | of 
Obs. Weight. Obs. Weight. 





ie) / di M] ° / 4/ 
Peninnis Windmill} 2 37 47-78| 17 | 12-69| 1-52] St. Martin’s Head | 212 31 55°52] 22 | 12-60| 0-88 
St. Agnes’ Licht- Karn Galver - -| 241 44 7-18 | 26 | 11-87! 0-68 
house + + +| 36 40 30-90] 24 117-23; 1-43|Pertinny - + +| 246 59 25-08] 14 | 5-16] 0-34 
Referring-object 40 30 20:03} 79 _ — | Wolf Rock + -| 266 49 56-50) 15 | II-go]} 1°54 
1 Beacon Hill Tres- | 
cow Watchhouse! | 142 54 24:28] 12 | 14-21] 3-20 


1 A correction of — 5’ 1184 to be applied to this bearing, to reduce it to the trigonometrical station. 





THARFIELD.. 


- 3-ft, Theodolite, B.o. 
‘From 15th July to agrd August 1843. Observer: Serg. DonELan, R.S.M. 





No. 
of 


Objects, Bearings. 
? Obs, 


Range. 

















Objects. | Bearings. 
























: 26 tou Ww , o ¢ & “ 
Berkhampstead'.| 12 8 12°89} 9] 5-95] 0-62] Ely Minster - 205 29 37:98) 13 | 8-18| 0-76 
Dunstable. + -| 63 53 20°36| 19 | 6-76] o-a5| Brandon + + +} 225 46 36-62} 6] 4:03] 0°67 

| Hanslope Ch.Spire | ror 21 54°48} 41] 2-40! 9-04] Newmarket + +| 230 57 31-17] 12 | 5°17] 0-50 
Referring-object - | 111 38 29°96 {112 | 7-29) .— | Balsham .- + +} 236 35 11-89] 9] 3°59}. 0-27 
Keysoce Spire- + | 133 59 28-92) 13 | 7-67] 0-88] Balsham Tower -| 241 51 5-65} 8 | 9°57] 2-87 
/Royston + + +1352 2 25:49) °5| 5-40{' 1-571 Thaxted Spire -{285 3 32:32] 6 4:50] 0-76 

5 | 1°52) O10 


}Orwell. + + + {184 6 15:29| 3 | 1-36| 0-21 | Epping Cupola -| 342 36 18-64 


‘THAXTED CHURCH SPIRE. 


18-in. Theodolite. ; 
From 8th June to 11th July 1844. Observer: Corp. STEEL, R.S.M. 


No. Recip, 
Objects. Bearings. ed Range. Objects. Bearings. 
S. 


Weight. 


o / ‘f ° pd 
| Epping Cupola -| 28 35 24-75 -03 | Lawshall Tower’- | 229 23 14:25] 18 
Berkhampstead -| 55 50 18-47 ; 85.1 Stoke Tower + | 263 52 14:33] 8 
Balsham Tower -] 175 23 35-86 ae 











OB SERVATIONS. 59 


THORNEY DOWN. 
3-ft. Theodolite, 3.0. 
From 12th September to 15th October 1849. Observer: Serg. DonELAn, R.S.M. 


; No. | Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings, of | Range. of 
“> | Obs. Weight. bs. ‘Weight 


























Coringdon - - 20 18 20-92 10 3-82 0-23 | Four-mile Stone - 9642 49:94 -16 10-38 0-62 
Horton’s Gazebo: |: 32 11 1:93| 8} 7-38] 1-08! Westbury Down-j 119 26 8-41] 6 | 4:76] 0-79 


Queen’s Manor -| 48 35 27-29] 29 | 8-02] o-z1]| Stoke Hill + +] 126 43 22-92| 24 | 6-12] 0-19 
Salisbury Spire -| 51 15 11-471 19 | 9:24] 0-45 Milk Hall. + -!162 © 36-02] -3 | 8-28] 7-80 
Wingreen Beacon | 63 56 42°59| 7 | 2:94{| 0:42} Beacon Hill - -/174 58 29-71] 33 | 10-28] o-2r 
Old Sarum Castle! 75 46 1-80] 18 |’ 5-80] o-20]} Inkpen: - + +| 212 17 23-71] 3 | 1-28] org 
Old Sarum Gun -| 76 58 2-12] 19 | 4:87] o-19] Old Lodge + +| 236 56 57-85! 15 | 8-64] 0-79 





TILTON. 
3-ft. Theodolite, R.s. 
From 29th January to 23rd March 1843. Observer : Corp. Muniiean, R.S.M. 


























‘No. Recip. | No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs Weight. Obs. Weight. 
| o 4 4 “ j ° 4 ot “ 

Naseby Tower -+-| 16 42 1-07] 10} 47-38| 0-82] Sutton. - - -|155 29 25-69] 6} 2-12] O15. 
Bardon Hill - {104 14 9-40} 51] 6-25] 1-67] Holland Hill + -|159 0 48-14] 4] 1-61] O-17 
Breedon Hall Tr.-| 116 36 46-59] 7 4°68] o-1|Stathern - - -|184 46 17-67} 7 | 4:98] 0-70 
Weaver Hill - +-|121 56 6-52{ 1 — | 6-04] BuckminsterSpire | 213 56 20-90| 8} 3°88) 0-33 
Loughborough Tr.| 122 21 5:94] 47 |19-90| 4-21] Easton Tower +1273 40 5:20] 1 _ 6-04. 
Elvaston Tower -|127 48 11-22| 1 8 | 4:33| o-45 


— | 6-04] Keysoe Spires + | 325 41 11-43 





LOFTS CHURCH TOWER. 
a-ft. Theodolite. 
From 29th March to 26th April 1845. Observer: Corp. Bar, R.S.M. 




























No. | Recip. No. , Recip 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
. é Obs.}. Weight. Obs. Weight. 


ee 


Laxfield Ch. Tr: - a ae - : o 4 uw : “ : 

-tr.-| 32 30 49-78) 11 | 14-21} 2-34] Happisburgh - -|175 26 58-64] 9 | 5:93| 0°55 
Stradbrook Tower} 45 13 54-27| “7 4:19] 0-67] Gorleston Tower: | 229 51 20:02| II | 10-09) 140}. 
Bunwell Tower *| 88 5 9-24} 16 |.11-73'|} 0-78 | Referring-object - | 273 34 59°98 | 36 gee ae : 
Norwich Spire -/128 22 3.201 yo | 3-94.| 0-26] Southwold Tower | 339 33 26-02 | 15 | 11-62% 1-08 
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160 PRINCIPAL TRIANGULATION. 


TOLSFORD. 
3-ft. Theodolite, n.s. 


From 6th to 8th September 1822. Observers: Major-Gen. Conny, Capt. Kater, and Mr. Garpyen. 









































; ; No. Recip. No. Recip. | 

Objects. Bearings. of | Range. of Objects. Bearings, | of { Range. of 
Obs. Weight. Obs. Weight. 
sted re) / i“ “ e) é “/ “l i 
{Fairlight - «© +] 59 18 29-86} 19 | 5-02] o-1r7 | NotreDame,Calais| 286 10 59:10] 7 | 2-84] 0-26, 
Tenterden» + «| 82 16 40-80] 3] 3:18| 1-14] Blancnez - - +] 293 43 40°80] 4] 3-49] o-F4 
Crowborough. -| 85 49 37-26} 71 6-37] 1.26] Fienne- . . +|299 0 12-64] 5§]| I-19] 0-06 
Stede Hill « «) rar 26 28-51] 16 | 3-38] ora] Montlambert. ~-| 316 30 28-18} 3] 0-79] 0-07 | 


Folkestone » +] 275 26 43:23] 18 | 4:15] 0-09 





TREVOSE HEAD. 
3-ft. Theodolite, 3.0, 
From 12th March to 25th April 1846. Observer: Serg. Donenan, R.S.M. 





























; No, Recip. . . No. Recip. 
Objects. Bearings. of | Ran of Objects, Bearings, of | Range. of 
Obs, Weight. Obs. Weight. 





Oo é di o / df “l 
Carnbrea Monum'| 22 57 13°10| 7 | 5-478! 0-87 | Lundy Island +|200 5 19-86] 33 | 8-27] o-18 
St. Agnes» + +| 26 3 1:96] 12{ 6-57} 0.68] Cadon Barrow + | 243 27 30°31] 13 | 6:07] o-51 
Karnminnis « «|, 42 22 3:16} 23 5-89 | 0-20 | Brown Willy+ + [261 5 57-71 | 22 | 9+46 O-44 
Karn Galvers «| 44 18 55-31} 8] 3-73 0-49] Hensbarrow + +|320 19 6-73) 13 | 8-78) 0-83 


| ne Se ee | 


f 


TROSTAN. 
3-ft, Theodolite, B.O. 
From 23rd June to sth July 1827, Observer: Licut. Portiock, R.E. 








a o No. Recip. 
Objects, Bearings. Objects. Bearings, of | Range} of 
7 Obs. |. Weight 


| o 4 4 | ; y 
Slieve Gullion IO I 51:09 Jura + «© © 185 39 49-05 6 6-14 1°66 


}Shantavny + +) 44 54 2°66 } Ben Tuire + «1212 32 59-70] 12 | 14-25] 2-29 
Slieve Gallion +] 48 17 57-21 Carn-na-leagh ,- | 218 44 45:90] 19 | 8-51 | 0-48 
Sawel + + + +} 66 25 24-98 Goat Fell. + +|223 2 go-11] 3 | 251] 0-73 
Eskaheen - *| 95 26 19-39 Cairnsmuir on | 

| Benyevenagh. +| 99 10 59-70 Deugh - 258 29 58-85) 3 | 5:22] 3-26 


Slieve Snaght +] 103 3 32:60 
| Magillagan Tower | 107.54 51°33 
Knocklayd + +] 154 48 31-92 
-| Ben Tartevil + +] 166 31 44-13 
Oa-= * * «© 8 172 23 54°32 


Bencreard : 267 51 16:10] 8] 4-38| 0-64 
Cairn Piot 285 30 23-76| 12] 9:03] 1-00 
1Divis - + + +1349 37 46:12] 30] 14-46| o-52 
| Slieve Donard + | 350 58 27-08] 10 | 11-80] 2-21 


Merrick + + +| 263 47 11-74] 4] 6-03] 3-28 
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UPCOT DOWN. 


3-ft. Theodolite, B.o. 
From 24th March to 23rd April 1850. Observer: Corp. JennIns, RLSM. . 























No. Recip. | No. Recip. 
Objects, Bearings, of | Range. | of Objects, Bearings. of | Range. | of 
Obs. | . Weight. Obs. Weight. 


oO ¢ &t “ Oo ¢ ft "7 ] 
Milk Hill - + +} 14 51 54:54] 21 | 4°53] O13} Cleeve» + + +] 164 27 21°49] 23 | 4:03} o-TO 
Stoke Hill + +| 37 46 43-971 13 | 4:76] 0-28] Whitehorse Hill -}237 8 50-65] 29 | 5:77| o-12 
rl aa 44. 0 21-71] 14 | 6:07] 0-37|Inkpen + + +] 300 27 54:62] 12 | 7-36 O78 
Mendip - - 60 51 44:82} 17 | 2:43] 0-06 


' VICAR’S CARN. 


3-ft. Theodolite, 3.0. 
From 17th to 2and April 1827. Observer: Lieut. Portiocr, R.E. 























































No. ; Recip. No, Recip. 
Objects. Bearings, of | Range. of Objects. Bearings. of | Range. of 
Obs. 7 Weight. | Obs. Weight. 
Armagh Breagh - 9. 1 44-68 8 | Sor 1-41 | Armagh aa I 50 32 25-68 2| 6-08 O24 
Mullyash - » «{ 18 56 33-12} 10] 449g] 1-46 Sawel + - 153 55 11-64) 21 4:38] 4:79 
Cuileagh » + +; 82 41 54°37] 1 — | 15-51] Slieve Gallion -1167 37 31-14] 6 | 6-65] 1-73) 
| Carnmore - © of 86 2 26:09} 6] 7-66 2°59 Divis + - +1226 52 58-79} 7 | 4°34] O-gt 
|Shantavny + +/ 125 24 38-89} 8 | 8-94] 2-49} Slicve Croob+ -| 263 12 56-18|° 5°} 19-17 | 15-89. 
Bessy Bell - +| 190 6 42-12] 1 — | 15-51] Slieve Donard +] 286 20 r0-15|° 7°] 8-47] 29-13 
Armagh Observa- Carlingford + +|318 30 47°531° 4°| 6-56| 3-59 
tory Dome- +} 150 25 1:67} 9 | 12-60] 2-41] Shieve Gullion + | 331 26 35-10 6 | 819} 2-39 
WALPOLE ST. PETER’S CHURCH ahr 
2-ft. Theodolite. 
From 23rd September to 20th October 1843. Observer: Corp. Bay, R.S.M. 
ae a ” vee ; : No, ie ner 
Objects. earings. on nge. Weight. Objects. Bearings. hn nge. Weight. 
re) / df dl ° / fi dé 
Peterboro’ Cathe- ‘Docking Tower - | 234 24 16-49] 12 | 11-98] 1-45 


dral- - + «| 61 6 48-27] 5 | 3:55} ©O-997 Lynn Old Tower* | 257 56 36-491 15 | 9:95] O75 
Easton Tower --| 77 51 50-32| 8 | 2:67} 0-35 | Swaffham Spire’ -| 285 39 25-45] 10 | 4°55} 0°26 
| Boston Tower! -{149 3 14:03| 9 | 6-31} o-88} Ely Minster - +1355 45 47-77} 9 | 6-47| 0-81. 
Referring-object - 194 47 29:96} 50.| .- = ae oe . 





1 A correction of — 4°66 to be applied to this bearing, to reduce it to the trigonometrical station. 
, 2 A correction of + 78 
3 A correction of — 17”+25 






162 ss PRINCIPAL TRIANGULATION. 


WALTON CHURCH TOWER. 
a-ft. Theodolite. | 
‘From 4th November 1843 to gth January 1844. Observer: Corp. Bay, R.S.M. 


i ied 




















: No. Recip. : No. Recip, 
Objects. | Bearings. of | Range. of - Objects. Bearings, of } Range. of 
oer oA gee Se HOODS: Weight. | . es ve S. ¢s a Sees poODS; Weight. 


Stede Hill’. «| 3r°4r 


: MM Oo é di . ff 

50-95 |. I ~ 6-03 | Otley Church Tr..} 171 36 43-14]. 6] 3-80] o-41 
Danbury Spire -| 71 49 1:23 8 | 6-61] o-80] Orford Castle .- | 213, 0 56-81} 7 | 5:14} 0-65 
Stoke Church Tr. | 117 8 14:77] 9 | 5:83| 0-63]St. Peter’s Church’| 350 42 37-601 3] 7-05] 60-0 
Naughton Ch, Tr. | 138 54 50°06] 7 | 2°57) o-a1 : 


1 A correction of + 2"°40 to be applied to this bearing, to reduce it to the trigonometrical station. 





-WART HILL HOY. 
3-ft. Theodolite, Bo. 
From 2sth September to 16th October 1821. Observers: Capts. Veron and Drusaronp, R.E. 


























: . No. Recip . ; No. Recip. 
Objects, Bearings, of } Range. of Objects. Bearings. of | Range. of 
Obs. Weight Obs. Weight. 
é 4 : . “l 


° f df - 

Ben Cheilt «+ » % 0 18-57} 9 | 4.26! 0-65 | North Ronaldshay | | 
Dunnet Heads +{| 4 1 38-43]. 4] 6-99! 3-32] Lighthouse -| 225 25 25-74| 2); 0-16] 0-00 
Scarabin . « +{ IZ 1 13-03] 2] x-291] 0-36| Start Lighthouse | 232 20 24-74] 3] 6-85] 5-27 
Ben Clibri¢ -| 40 30 26-48] 12 | 6.57] o-81] Stronsay - + +| 244 27 18-54) 8 | 5-86] 0-84 
Fashven - 68 0 28-54} x ~— | 5-77|Deerness + + +{260 16 2-78] 12) 5:84] 0-47 | 

9 5 

3 


| Fitty Hill. - © | 204 ~ 6 42°60 ze 1. 4:07 | 0-479 


3-21 | o-317|Copinshay- + +| 270 20 10-10] 
6-13] 0-16 


South Ronaldshay | 299 48 21-29 | 2 


WATER CRAG. 
| 3-ft. Theodolite, R.s. 
From 17th April to 5th June 1852. Observer: Corp. Gross, R.S.M. 





























_ 2 No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
a | Obs, Weight. | Obs. Weight. 
a a Ena oO ee 


1 Cross Fell + ©] 140 46 26-40! 18] 6.6 0: Appleton Wiske- | 267 40 28. I 8 -28 
: 4} 4 3 » 20°97 | AL | 4-01] 0-2 
Mickle Fell - + 148 10 28-13] 9g 3.86 oa Becton Head- +] 272 30 37-13] 11 | 6:04] 0-80 
Collier Law + +|193 6.23-85| 8 4:46| 0-59] Black Hambleton | 284 9 48-26] 13 | 12-63] 1-52 
Brandon Down +/ 218 6 57-29] 11 | 6-41] 0-48 |KirklingtonChurch} 301 5 48-44} 15 | 3-43 |* 0-16 





- 6 / é/ Ul o f dé é/ 
Little Whernside ; 39 18 26-48] 4. g“13, 1-85 | MerringtonChurch| 231 2 55-87} 3 | 3-80] 1-85 | 
Sea Fell + + +} 9! 59 43-45| 13 | 6-60| o-52| Easington: +. -|259 38 56-971.13 | 4:20] 0-16) 


| Wordeslow . ; 223, 41 28-60 8 (5184. 0-70 Great Whernside 346 32 39°53. - 9 6616 0:88 


ee ee ees * 
eel comers dates a eon ce HF +7 = - 
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WEEK DOWN. 
18-in, Theodolite. 
From 11th to 14th August 1846. Observer; Corp. Steen, R.S.M. 
































; No. Recip. No. Recip. 
Objects, Bearings. of | Range. | of Objects. Bearings. of | Range, | of | 
Obs Weight. Obs, Weight. 








Nodes Beacon! . 109 36 9-08 . 6. 9°22, 2:80 | Boniface Down - 256 30 TT 9. LI 2°93 
Motteston- . «| x17 25 28:78]. 7.} 9:93} 3:70| Boniface, S.E. +-|259 44 6-83] 9g | 9-31] 1-70 
9 
9. 






Shanklin Down «| 220 58 59-31 17°22 | 5°57} Littletown Down | 264 32 33°50| -9.| 16-45] 5°72. 
Dunnose © 0 «| 298 50 28°76 I2°*44 3°62 ee 








1 A correction of + 1’ 29"*30 to be applied to this bearing, to reduce it to the trigonometrical ‘station. 





WESTBURY DOWN. 
3-ft. Theodolite, B.o. 
From 8th February to 17th March 1850. Observer: Corp. JENKINS, R.S.M. 


, ; N 
Objects. Bearings. of Objects. Bearings. 
Obs. i . O 


Mendip + - +| 8046 9°31| 35 | 7-94| o-t5| Milk Hill. « +] 237 32 12-76 
DundryChurchT:. L14 2 ioe | 68 | Stoke Hill +. -|256 53 37-21 
Lansdown Monu- Inkpen + + +1257 29 26-19 
ment + + +-|136 45 23-61 : -94| Beacon Hill - +} 285 59 o-42 
| Farley Down Mo- 2 oh Old Lodge + +] 291 47 15-98 
nument+ + -|144 17 36-85| 13] 5:81] 0-43] Thorney Down -|299 5§ 29-05 
| Marshfield Churcl | o _{ Queen’s Manor +| 305 1 30-56 
Tower - + » [151 58 19-74 ‘99 | Dean Hill + -] 306 28 34-73 
Lord Somerset’s 7 Four-mile Stone + | 307 58 42-72 
Monument. «| 160 25 57-51 -g1 | Salisbury Spire + | 3rr 45 34:76 
Lansdown Obelisk} 218 59 33°35] 23] Wingreen+ + +| 355 22 15°76 
Upcot Down . «| 203 44 - 2-22 | 





WHITEHORSE HILL. 
3-ft. Theodolite, R.s. 
From 1st March to 27th April 1844. Observers: Corp. CosGrove and Priv. Srewart, R.S.M. 

















BRIN ac a ee ee 
Object B or | R ee Ob Beari "| Range ru 
ects, ings, j s ngs. ange. 
oe ar | ange, Weight. yects earing & Weight. 
Upeot Down: . 57 19 37-83 I a 5:43| Wytham - + + 016 12 45-43 6} 4:23] 083] 
Iendip - . .| 60 6 36-08! 3] 3-09] ro8}Brill - - - +|229 58 40-44} 81] 4:03] 0°35 


Symond’s Hall - | 107 2 Sh 8 “I 0°35 
37°11 | 3 | 4:97] 2°75 otover + + °/ 233 13 34:01] 7] 3:14 3 
ia " * */IIT 55 5+33| 10} 4:29| 0-34] Dunstable- + +|245 19 2-79) 13 | 4°59 se 
Clisee 2 138 13 11-85] 7 | 10-27| 2-47| Wendover- + -/250 3 34:49 | IO | 10-03 1225 
Broadway T "| T4I 50 46-75) 12 | 4-51} 0-29] Leith Hill Tower | 297 35 43°70 | 14 6-89 
‘Achar qi 159 45 9°47} 13 | 8-38] o-g1]| Inkpen + + +} 343 58 57°42] 15° 5°56 
vane + +1198 35 49-68 9 | 4:10] 0-39 





164 PRINCIPAL TRIANGULATION. 


WHITTLE. 
3-ft. Theodolite, R.8. 
Trom 14th May to 23rd June 1841. Observers: Lieuts. Prron and Crarerr, RE. 



























. No. Recip. : = No. Recip. | 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight Obs. Weight. 





° / °o / vd 

{Delamere - + -| 29 32. 13-49 ch Ss 3:10} Ingleboro’. +» +] 171 13 39-18]: 4. 5:09 1:66 
| Cyrn-y-Brain «| 4r 12 30-09| 1 - | 3-10| Pendle Hill - 174 36 40-881 4 | 5.23] 2.27 | 
Billnge + + «| 59 26 52-31] 3 | 3:10} 1-12] Great Whernside-| 197 38 22:25| 7 | 5-351 O46 
fSnowdon «+ + «| 61 48 15:06} I - 3:10] Boulsworth + +| 211 53 50°66} 2° | 2-26} 1.27 
Rivington: + +} 76 8 33-76| 6 | 2:85] o-30] Holme Moss + +| 299 10 30°23] 7 | 3:53} 0-34 
Beryl Hill +» «| 110 54 54:72) 5 | 3:12] 0-53] Kinder Scout» +} 322 21 3:08] 51] 4:15] 1-00 
Black Comb + +| 133 45 53°87| 3 | 1:85] 0-39] Axedge + + +| 336 17 54:36} 4] 3:08] 0-60 
Sea Fell +» + «f145 g 32°50] 4] I-19] O-l0} Mowcopt - + +1356 40 16-87) 1 —- | 3-10 
Hamilton Hill - 2} 0:22] O-O1 | 


162 37 31-98 


WINGREEN. 


3-ft. Theodolite, 2.3. 
From 29th July to rst September 1844. Observers: Corps. STEWART and Cosgrove, R.S.M. 


~ 


Bearings. 


Objects. 


Objects. Range, 
Weight. 


~ 


o / fi 
Dean Hill - 260 50 25:63 


Vern «= ° 26 22 37-00 
Butser Hill 


Mintern + +} 61 IL 50-51 
Pillesdon + + +} 69 2 19:30 
Referring-object -| 85 58 34-88 
Staple Hill + +| 86 36 16-57 
Mendip + + +/] 130 29 49°49 
‘| Westbury + + +/175 24 9°52 
Inkpen» + +» +1227 29 52-86 
Beacon Hill - +] 230 36 54+15 


AX 
Doo const CO] 6 GO™ 
Mm on Go 


WO AIS 
CA & “STOO “ST 


| Dunnose -: 


Motteston 
Nodes Beacon?! 
Horton’s Gazebo 
Coringdon- . 
Swyre Barrow 


WISP. 


3-ft. Theodolite, s.o. 
From 5th to 8th August 1809. Observer: Mr. GARDNER. 








: ; No. Reci 
Objects. Bearings, | of Range. of 
Obs.. Weight. 


6 é fi : 
Criffel - » +1 48 4 22-08 | 31 11-15 1-06 
CairnsmuirofF leet; 69 10 14-00] 5) 6-77) 9.38 
!Cairnsmuir on 
Deugh - 


88 13 34:55/ 74 7:54] I-50 
| Hart Fell - 


116 44. 578 Io 4:98 O57 
SS ape SSS SSS SSS SSS SSS 


Objects. 


Dunrich «+ .« 
Sayrs Law 
Cheviot 

Cross Fell . 


270 9 8-74 
302 7 29°47 
306 39 34°37 
311 22 8-97 


322 44 54°77 


1347 59 24:08 


358 40 33-02 


Bearings. 


° / ff 
156 49 30-17 


196 32 24°06 
247 8 41-44 


334 22 50°93 





6-11 
8-01 
7°04 
9°13 








Weight. | 


0°20 


6-80 | 


0-98 
20:83 





| 
| 


Oe - — 


meet omy Ewer ea emma 


7 dee ek evHladeah g Beye arpa lag py Ran 


OBSERVATIONS. 165 


WORDESLOW. 


2-ft. Theodolite. : 
From 18th April to 28th May 1846. Observer: Serge. Bar, R.S.M. 





























No. 1 Recip. . No. Recip. 
Objects. Bearings. of | Range. | of Objects. Bearings. of | Range |} of | 
Obs. Weight. Obs. Weight. 
/ di fi 
Great Whernside 26. 5 17-98. 15 Alt 0-78 Pontop oe 96° 12 0-94 9 | 6-63 0-83 
MerringtonChurch| 29 48 38-67| .3 | 3-25| 1:23| Cheviot - ~|147 4 28-49 | 224 4°75] O12 
Water Craze . 4414 57°45| 4} 4:49] 1-73] Rufflaw New- 152 35 57-90| 14 | 4°79} 0-25 
Brandon + + +] 54.90 42-80] .6 | 3-80] 0-46] Easington. . 309 48 15-17} 16 | 4:39] O19 
Referring-object -| 57 51 4:98 |104] = ~ | Burleigh Moor -|321 7 1-67} 8] 4:00] O34 
Collier Law « . 2°78 | o8] Botton Head + | 335 59 26-811 13 | 5°54] 0°38 


76 27 41°24.) I10- 












WROTHAM 


3-ft. Theodolite, B.0, and R.8. r 


From 1oth to 17th October 1822. Observers: Capt. KaTER and Mr. Garvwen, 
From 28th July to 30th Aueust 1844. Observer: Serg. DonELAN, R.S.M. | 


Bearings, 
Ob 





Objects, Bearings. 
(a Ae 7) “ oO ¢ & : “ue 

Frant Church +] 2 29 54:40] 16 | 8-33] o-vz| Chingford» + +/ 150 52 13:87| 18 | 3-36| 0-09 
Crowborough+ +] 17 28 51-14} 50 | 6-80| o-10| Epping Cupola +| 165 27 25-06| 12 | 4:05) 0:23 
Ditchling « + +| 30 54 42-18] 19 | 7-13| 0-38] Danbury Spire -| 204 11 22-14] 14] 4:02] O19 
Leith Hill Tower | 71 25 8-83) 41 | 6-42} 0-11 | Gad’s HillObelisk?| 229 12 11-12 5:04.| 0-91 
|Stede Hill. + +} 104 12 1-93} 38 | 6-93} o-rr| Norwood - + +] 253 57 42-19] 11 | 8-16] 0-69 
Hanger Hill - I1g 43 0-46] 11 | 2:53] o-10| Referring-object + | 274 56 45-11 144 ~ - 
| Wendover: - 123 52 20:07] g | 3:06| o1t6]Deptling »- - -|a75 25 46-86] 7] 4-70] 0-67 
Westminster Abbey, Hollingbourne -|280 59 8-09| 10 | 5-04] 0-56 

left Tower - 125 23 35:90| 4 | 6-72| 3-22] Tfrittenfield + + | 287 39 45-50) 17 | 7:43] 9°33 
WestminsterA bbey, Tenterden Church : . 

right Tower’ -|125 25 14:07! 4 | 6-28) 2-s4] Tower - + +| 314 19 37-34] 11 | 7*30| 0-69 
St. Paul’s- > 129 34 14:51) 12 | 6-16) 0-58 | Goudhurst Church 
Severndroog + 136 53 29°64] 65 | 7-44] 0-07] Tower - - +| 331 19 38-70} 8 | 2-49] 0-16 
Dunstable. - 137 15 56:29] 8 | 4:83} 0-60] Fairlight - + «| 3934 17 42-21} 38 | 4:73 | 0-08 
Berkhampstead +] 149 59 23°59] 11 | 7:76] 1-20| Brightling Obser” | 350 37 34-47/ 13 | 6:13] O50 





1 A correction of +  2”°62 to be applied to this bearing, to reduce it to the trigonometrical station. 


2 A correction of —20’ 5°54 is ry 7 





WROXALL. 
18-in. Theodolite. 
29th July 1846. Observer: Corp. STEEL, R:S,.M. 


























; No. Recip. No. Recip. 
Objects. Bearings. of | Range. of Objects. Bearings. of | Range. of 
Obs. Weight. Obs. Weight. 
a os ee ee 
| Shanklin Do Oa cae eae dd : o ¢ @ “ nak: 
ee wn -/ 181 32 37-33} 21 2:05| 1-05| Boniface SE. + | 240 52 13:67} 2] 7:28) 13°24]. 
apunnare "| 200 31 52-00 2 | 2-28) 1-29 | Littletown Down | 304 0 51-50] 2 | 3°62) 3°277 
Boniface Down -| 257 59 20-33| 2 4-05 | 4-10 


166 PRINCIPAL TRIANGULATION, 


YELL. 
. | 3-ft. Theodolite, 3.0. 
From 12th to 15th August 1821. Observers: Major-Gen. Copy, Capts. VEtcy and Drummonp, R.E. 


































; so No. Recip. No. Recip 
Objects. Bearings. of | Range of Objects. Bearings, of | Range of 
Obs, Weight. bs. Weight. 
° 4 4 W i) 4 4 “ 

Brasst + + + +| 0 32 36-94/ 14} 8-10| 0-67]/Saxayord - + +| 203 14 49-53] 11 | 7-47] 0-79 
Foula + + + +} 51 17 43:32} 10 | 5-67} o-44|Balta - + + +] 215 46 33-68] 10] 6-61] 0-67 
Ronas »- + » + 7 6 


Vallafield 


S86 3 1:02} 164 5-25) o-24]Fetlar + - + «| 236 
200 59 28:18; 2 - 


— 


YORK MINSTER. 
2-ft. Theodolite. 
Irom 7th November 1845 to 14th February 1846. Observer: Serg. Bay, R.S.M. 





Objects. Bearings, 


/ 


Clifton. - + + 9 17 37°29 -14 | Acklam Wold . 243. 3 28-71 13 





Garforth Chff  -| 43 32 51-27 , Calais Beacon -| 258 42 41-79 3 


Great Whernside | 110 36 32-14 
Botton Head - -/]179 42 48-99 


Referring-object - 
|} Hunsley - «+ -; 


260 26 25-03 150 
298 29 12-62 | 11 





7 ae — 7 sn artless tale Bie aKa, 2 ohh ple Tae 
Feo ie) ai Tan he calc IRS WE Fee Ancrhactar wlio aT eC aan % 


PEt gta we 


AZIMUTHAL OBSERVATIONS. 


 BALSHAM. 





“Name and - C ted |C ted | Computed. : 
- “Date. Elongation of ‘Reading of Star. Level. Reading Reading of R.O. Azimuth of Star ee. 
| ae Star, and Col®. | of Star. at Elongation. | 
1844 : " o f o of 4” on” 
[omer 9] Pais 29°48 ge [ag | es | 199 9 26 a8 ara [aso sy a 
oa 202 22 28°80 |+ 6°85 | 35°65 | 170 52 59°00 | ; a4. 
As (8h IO ” ” 6o'00 | 0°84 59°16 © 62°00 57°25 10° 34 
8 6° : 19°37 '| 148 27°80 ; Loe 
a SEV ee eer ea garg FS oaaias Ae: 13°92 | 
| ae 178 32 20°00 |-+ 1°24 | 21°24 | 147 2 35°40 : re, 
33 15 33 33 7 3 17°00 -+ 0°69 17°69 ; 36°00 57 71. 13 94 
% 173 28 7°80 j— 1°37 | 6°43 | 141 58 18-00 . °Q7 
”» 16 ” ” 73. cane Eee et 16°20 57°71 10°97 
: 124 I 52°80 |— 2°99 | 49°81 | 92 31 a 40 : . 
” 22 ” 29 49°60 |+ 4°28 53°88 64. 00 58°20 T2°05 
: vz | 197 24 68°60 |-+- 2° I° 170 52 fe) : . 
» I | Polaris W. 52°60 |— ie ee 7 71°60 57°43 | 10°80 
ee I4l 40 12°60 |— o°25 | 12°35 | 115 8 29°40 58°20 16°72 
: ” 10°00 |-+ 4°21 | 14°21 - 27°00 
a ee 
Mean of Eastern Elongations 150° 59' 12”°44 General Mean 150° 59’ 12" 77 
‘ Western - i eae Probable Error + 0°48 


BARROW HILL. 








Name-and Computed |Corrected Computed Resulting 
Date Elongation of Reading of Star. Level | Reading | Reading of R.O. | Azimuth of Star] 4 imoth of RO. 
Star. and Col". | of Star. at Elongation. 


































1845: | o rin ° " o ron OTF 
| Aug, z, | 105 33 53°33 ]—18°58 | 34°75 | 95 43 64°33 . ; 
“Ug. 30 | Polaris — E. ze 00" |4:84°66.| 45°66 4g°b7 | 2 22 t0°6s | 352 32 27°39 
| Sept. 2 62 22 57°00 |—27°52 | 29°48 | 52 32 68°00 9°66 27°28 
i 9 ay) 733 +27°61 34°94 ee 
: 6 124 51 8°67 |-+314°7r | 23°38 | IIS I 29° E ha ite 
? ‘ eee 39°00 ~21'63 17°37 51°67 7°47 27°4 | 
3 7 91 20 35°00 |-++10°08 | 45°08 | 81 30 57°67 700 23°85 | 
+ ft. 57°33 es 8°78 48°55 - | 69°67 | 
» 9g 58 43 58°33 |+ 7°22 | 65°55°| 48 54 Ig'00 5°90 28°35 
: 4 75°00 |—I9°I2 | 55°88 27°33 
Au 177 37 89°67 |—12°34 | 77°33 | 172 32 67°33 ; “o4? 
8 28) Polaris  W. se o4 re: 7.33 safes 01°77 2.0 ° 04. 
» 29 163 33 24°67 |—r11°78 | 12°89 | 158 27 63°67 "11°30 31°19 
one 2 15°67 |-+- 2°46 | 18°13 52°33 | 
% 30 : I5I 29 46°67 |—-26'40 | 20°27 | 146 23 84°67 10°83 28°52 | 
‘tele Cae een oe 
ept. 120 "00 j|+10°82 {| 18°82 | 115 1 51°00 a ; 
j : a : 39°33 |—12°63 | 26°70 ; 62°67 7°23 26°34 | 
» 7/1 4 86 36 34°33 |— 8:96 | 25°37 | 81 31 5°00 6+73 26°70 
2? "00 j— 2°88 | 33°12 0°33 
ae) oe 7t 24 45°00 [-+10°35 | 55°35 | 66 19 28°67 6+14 30°21 
TT wmeeneen meweweee O82, Po 9767 fer6°06 |. 61°61. ].... © 41200. |. en ae ee , . 
9], » | 23 59 44°33 |— 2°97 | 41°36 | 48 54 14°33 | - gy 27°98 
: 42°67 |— 4°66 | 38°01 12°33 | 1 
- Mean : of I ee Elongations 352° 32’ 26”+86 Gencral Mean 3 cea 32/ a 79 
” Western > e 28"" 57 Probable Error + 07°36 






1 . 2 ° 
A considerable discrepancy in the readings of the microscopes: rejected in the mean. 
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' 
EN EL EERE ART EE we aT ORT cae 
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168 
BEACON HILL. 

Date. Blongation of Reading of Star. “are ending Reading of R.O, Asinuth of Sis pened re. 
1849: 7 a S o tia o 1 
April’ 5 | 3 Urs. Min. EB. | 708 ° ee ee Les 135 27 43130 | 5 26 19°87 | 212 52 52°35 
» ny [Bolas | 704 57 S8°G0)—10°25 | 58°35 | 135 27 48°08 | 2 25 208 60°51 | 
» 20] yy | 8053 27,09 20°45 | 0°57 | t 24 TEE | 2 ag wear 67-95 
Pe ae cae eg eg aa 38 1570 | 5 26 15°60 36°50 
eek ae a Oe ee ee ere 56°38 
, 813,  » | 14957 HE ae oe nee 177 24 ate 5 26 14°97 64°70 
x Boles 5) 5 eee 34 ae 25 Be 140 1 ee 5 26 14°33 60°02 
Jats afm mw» [UE SRE | eat | SS RS | 26 weror | gor 
we « wf See 2 ewe 48°65 | 
» 10] Polaris ae oe Gol 7 2 ees a? ae ee 2 23 27°23 57°68 | 
April 5 | Polaris Vf sees ee 33 a. 68 135 27 oo Ge 22311" 32 5r°41 
yy | sr aphet , | 9 T07°09—" Z'5e | RAR | 35 27 4788 | 4 a2 30°89 | 469g 
5 ies Polaris 5 4 34 in a 5 ae 39 5! pee 223 19" 22 57°10 
» 26] sr Cophot ,, | 359% 50745 oe | aocog | O zéez0 | 4 22 34°64 57°34 
» 28 Polaris ,, | 3* * 33 eee ae 970 bego | 2 23 22°65 54°73 
>» » | 51 Cephei ,, L ae ; , Es SIRS at 4 22 35°16 4802 
- 3) « we a a ry oA sf 60 422 35°71 52°73 
May 3 | Polaris Pe ee 38 Be acl ? sane oie se 2 23, 24°84 58°73 
Sy Mee Cephel aye ee ON ars laeearce 53°32 
. 6 | Polaris ” a i : alee ee 162 41 i 2 23 25°95 52°63 
June 2 9 ie s ae eel 13 27 fee 2 23 34°06 51°44 

i omy | BE ee aes | gorge.| 228 a7 





Mean of Eastern Elongations 212° 52’ 57°34 General Mean 212° 52’ 55”°08 
» Western 9 si. ap 5S OF Probable Error + "62 


eee LL aT 
1 Cloudy: rejected in the mean. | 
* - » : s = 


t 
ee ee Ue ep ctlgree ee naa gy 


OBSERVATIONS. 


BEN MACDUI*. 


Name and 














Mean of Eastern Elongations 161° 48’ 29°83 


93 


Western i 


7? 33 


30"° 17 


en | 


General Mean 161° 48’ 29”*96 
Probable Error 


1 Imperfect observation, Elongation doubtful: rejected in the mean. 


+ o”°65 


Date. Elongation of | Reading of Star. a dae Reading of R.0. ieee ar seat Resulting 
Star, and Col". | of Star, at Elongation, | Azimuth of R.0. } 
1847: o f ow o fa oO f Ww oO fF w | 
July 4 | Polaris gp. | 38 4 pee jytes ety ae ae 2 46 39°07 | 161 48 29°55 
” 13 ” 99 38 Pas R606 ya tae 7a ee 37°64 20°77 
mY yy | 5 58 BI HS | BE] ME 35 82°85 | grog] 640 | 
» 20] 4, ih ee pee ey eee 243 58 ee 36°21 29°08 | 
Aug. 13], ee ee Oe 27°56 22°84 
» » [5rCephei ,, | 7°? ? ee Ree ee es ee es aes 30°32 
‘ 14 | Polaris yer Be ae coe ee 350 36 a 2 46 27°19 25°52 
»  {5tCephei ,, | 193 5° ae iis ee eee ae feels (6 38s 33°47 | 
” t5 | Polaris Pe ae sic i er: ss 350 36 ae 2 46 26°68 31°62 
» —» [St Cophoi ,, | 193 5% 44°70 | Ove eee 35° 36 a 5 3 38°95 32°68 | 
»  16|Polarig  ,, | 178 4° ae ce ae 337 42 ae 2 46 26°13 32°33 
9 » |51Cephei ,, a 17° T0 ie aoe sae i710 5 3 38°91 a7 3° | 
July 20 | Polaris W.| 79 23 35°10 | 9°68 | 25°42 | 243 58 30°85 2 46 36°40 . 
ie ena MERE TE EEE aaa! | aor 
re _ 40°60 |-+ 2°56 | 43°16 46°35 
» 4] ,, - 182 ioe ree 6.8, 350 36 fee 6 15 31°98 33°20 | 
» Ist yy Pe ed a ele 36 is 6 15 31°61 35°06 
» 4 |Polaris ,, | 78° 3 le 36 43°45 | 2 46 26°41 27°4x | 
» 16 /8Urs. Min. ,, | 169 39 pe ce ar 337 43 ee 6 15 31°24 27°55. 
PN a ee a Ml a kat we ll es 


ee 


*y . a4 * e hd he = 
The bearing of the Referring-object at this station, omitted at page 81, is 161° 48’ 21”°98 observed 
| 181 times, range 8”°23. 


170 PRINCIPAL TRIANGULATION. 


BEN MORE S. UIST, 


























Name and Computed |Corrected 
Date. Elongation of Reading of Star. |. Level | Reading 
Star. and Col", | of Star. 
aca ann aes aa aera aes ci a erie a ae eer 
ras 2 | Polaris. eos 20 42 25°83 |-128"95 | 54°78 
July 3 | 3 ; ” 42: 34°45: 83 —14°79 | Ir°04 
4) 22 » ” Lye a 93° + 5°99 15°49 | 
Aug. . 4 3 se 2a 174 47 44°67 |—13°79 | 30°88 
» . 5 (5tCephei ,, | 177. 7 50°83 |— 4°96 45°87 | 
” 9 Polaris <3 122 38 26°67 i— 15°85 10°82 
6 96 24 15°00 |— 4°23 | 10°77 
» . 7151 Cephei _,, 98 44 15°50 |— 1°37 | 14°33 


| 4g {Polaris =, | S74 $7 74°67 [22°33 | 49°34 
rn 8 | 51 Cephei_,, 176 37 50°83 [+ 6°07 56°90 
»  . » | Polaris 163 48 62°33 |— 8°64 | 53°69 
9 | sr Cephei. ,, | 186 8 sorr7 |+ 0°29 | 50°46 
» . 99 | Polaris Pe a ee 36°00 |-+-13°27 | 49°27 


July 20 | Polaris Ww.) 25 38 33°17 i 8-68 | 41°85 





< .. a 3 3 128 8 58750: -+- Goo | 64°50 
Aug. 5 [8 Ura Min. ,, | 15 44 76°17 te 57°75 
» . 9x9 | Polaris <4 160 44 43°50 2 1°96 | 21°54 
; . 618Urs. Min. ,, | 73 34 53°59 i 26°46 | 27°04 
29 » | Polaris Oe a 7 oye 15°86 51°64 
» .- 7}0 Urs. Min. ,, 87 21 38-00 |—12°94 25°06 | 
| 
» x» fPoliris 4, | 79 *4 22°67 - 8°39 | 14°28 : 
, 8 (8Urs. Min. . | 165 15 15°83 '— 5°37 | 10°46 | 


| = 
a 9 13 ae | 154 46 3°33 '-+11°86 | 15°19 
7 
Mean of Eastern Elongations 305° 41’ 41”°44 
aa -- Western st ea ee oe 42"*o5 





—S Se ee Se eg Fe, Len arene reese eens ees os 


Rating oe, | ania Ser] at 
oO rom Oe oe a 
143 39 pe 2 45 19°09 | 305 41 34: 9 
195 30 aos 18*go 45° IT 
ca? eee 
” 44 25 10°85 |: 46°14 
DUES Ae, &. 5 t0re8 38°46 
35 34 46°25 | 2 45 10-48 43°87 
79 00 788g | 2 45 TOE 38°84 
Se ae eeay (3 38 805 37°33 | 
297, 14 18-8: 245 9°60 ae 
297 14 i 5 5 17°36] 38°97 | 
286 45 ae 245 9.18 43.57 
286 415 ne 5 5 17°80 46°97 
277 9 24°33 | 2 45 8°68 45°20 
en 
53°17 | 2 45 14 78 37°30 
297 44 pian 6 17 29°07 aon78 
289 11 ale 2 45 10°66 48°22 
235 34 ia-30 | 8 17 28°65 an3 
13°43 [2 43 10°29 40°95" 
a parse | O17 28°35 aan 
» >" yo67 | 2 45. 9°88 439 
297 14 eo 6 17 29°97 40°48 
286 45 Hes 6 17 27°40 37°00 





General Mean 305° 41’ 41°70 
~ Probable Error + 0” *56 


1Great motion during this are, 
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OBSERVATIONS. 71 


ah ade, ...  . | BEN NEVIS. 


i a 
| Name and ' Computed Corrected Computed Resulting 
Date, Elongation of Reading of Star. ! Level | Reading Reading of R.O. | Azimuth of Star _Azimuth of R. 0. 
. Star, | and Col". | of Star. at Elongation, - 














; 1846 : ie) ' " . fe) 9 9. | oO oF 4 | Q Uf 7] 
| : , - oy | I55 0°00 |— 8°51 | 21°49 | 51 58 18°20 sch 
ee 5 |51 Cephei FE. 7 ae 80 — 6-44) 9°96 aar4g {5 1 3S 16 | 81 52. 21°06 
» 21 | Polaris Oe ce 45 ree re ae 21 52 ae 245 4I°SX 32°33" 
| 182 46 6°20 |-+-14°12 | 20°32 | 81 52 49°70 ; : 
9 24 29 ” : 4 19°80 = 6°35 13 "45 ; 65°45 2 45 39°90 | 20°59 
; I I 59°40 |— 4°76 i I 52 55°45 At 
2 9 | SI Cephei ” . | 45-80 e18°77 62°57 — 53°05 5 1 22°45 _. 18°10 
reac : ‘ ; _ 
» = 25 pons ne 84°00 Soe | 6:06 , Secs BAS 3935:. . 30°48 
172 39 72°10 |— 2°53 | 69°57 | 71 46 43°45 “aha 
99 26 9 ry) 25 00 |—18 5% | 56-49 ; 55°05 2 45 38 Sr 25°O3 
172 39 20 |-+ 0°69 ; 71 49 43°90 283 
ae ee cs ce ee 
$i 3 0 | 33°62 : pine 
39 2 : - 33°00 = g*2r | 23°79 19 45 245 37°7 292 
>» [sr Cephei , | 79) 9 5 rs ie ee 4800 7°85 | 5 1 23°76 23°69 
~ 13°5 
, 179 31 21°00 +24°42 | 45°42 | 76 22 29°05 ee 
Sept. 12 as ; 8-4o i+ 3°32 : 41°72 As25 e 27°17 75 
a ee ee ee eee eae 19°71 
és 172 45 16°80 27 At : 44°21 71 52 23°65 . 6°88 
»  I4 | Polaris . a1 ive 13 re 27-96 ie ys |? 45 27°66 2 
‘ , I I 8°70 i-+-I7°99 | 20° I 52 16°90 
_ 9 a9 151 Cephei ,, | 179 Pe i a 7 99 ! 36-88 7 36-75 | 5 2 27°50 23°54 
pAug. 24 18 Urs, Min. W.} 173 47 ane yeas | ee Br 52 ae 6 12 48°44 18+ 79 
} % 28 | Rolaris —, | 197 8 Benzo | 912 | gee ee Fe eas ras 20° 36 
fe 5 Urs. Mi 139 55 oe i+ 3°63 | 9°23} 48 0 6:00 22°0 
” > | © Urs.Min. ,, abe ee 298 24°50 6 12 47°19 7 
Sept. 12 (168 17 a 23°93 41°53; 76 22 28°15 6 12 43°89 15°09 
: 7a = 23°20 i-F 4°51 | 32°71 44°05 
ie wo IR se eee a nig 5 gt 76 22 oe 2 § 19°24 21°034 
33 bd 55° re) 3°O1 5 I ; e 
| 163 47 48°00 j-+-14°13 | 62°13 | 71 53 0°75 26°26 
wT _ a Go'70 |— 6°56 | 54°14 15°45 aaa 
ee ae ge | ee me) rena a ees 17°09 
39 3 Polaris 9 nog 2 Bera. oy | ae oa ape e 45 27°93 15°95 
t Fa, mie 163 47 2°20 |4+17'27 | 19°47 | 7 52 20°15 612 4g¢e2 | >. 23°81 
; 4. | @ Urs. Min, 3 30°90 |— 7°27 | 23°63 37°60 12 43°5 
ae 167 54 28*10 -+20°39 | 48°49 | 7T 52 17°30], 5 ygeg, 22°32 
: : 9 ” 50°00 |— 5°10 | 44°90 37°40 . | 








Mean of I Eastern mrongations 81° 52' 24°23 General Mean 81°. 52’ 22” "51 
» Western . 3 9 Boles Probable Error + o”°60 


a tee, SS et 
1 Cloudy and misty. 
"? Cloudy. 
* Very misty; partial sun. 
= ey clear in all directions. 


Y 2 


172 PRINCIPAL TRIANGULATION, 


BLACK DOWN. 











Name and Computed |C ted 
Date, Elongation of Reading of Star. Terk Reading Reading of R. O. ponte ee Star Resulting 
Star. and Col", | of Star. at Elongation, | Azimuth of R.0. 
| 1848 : o tf 4 . o Jf oO fv & re) ton 
. z | 139 7 35°67 [+ 5°02 | 40°69 | 93 18 goo] , 
Nov. 8jPolaris E. ae tee 18-6, eco | 2 2t 33°72 | 316 31 59°55 
127 12 12°00 |-+- 8°43 | 20°43 | 41 22 43°27 ft 
” } fe) ” 9” i 29°33 Be 8°17 37°50 3 peel 32 65 47°20 
3 56°67 |— 9°00 | 49°97 14 44°77 lage : 
”? 13 ” ” ‘i ; ‘00 | 4°73 | 73°73 : a7 31°07 70°90 | 
i 3 37° — 3°I1 | 34°22 2 4 16°83 ae 
39 aI ) 3? : 6 iss? 19°64 , 8°00 27 08 57°57 
7 9 13 41°67 |+12°I4 | 53°31 | 23 24 20°33 . 
2 24 ” ” 42°00 |-+ 2°33 44.°33 23 07 25°78 58°71 | 
5t 34 71°67 |—16°68 | 54°99 | 5 45 47°93 , eee 
18 *7 : ” 48°00 |-+23°50 | 7I*50 24.°00 oa Ge 27°97 
100 39 47°00 |—12°22 | 34°78 | 54 50 37°33 : 
Feb 9 as i 47°67 |-+ 8°15 | 55°82 30°00 16°50 64°87 
100 39 57°33 |— 3°74; 53°59 | 54 50 33°6 ry 
” Io ” ” 42°67 _ 0°76 41°91 54 3 ee 16 78 : 60 53 | 
159 17 Gg°00 |—10°07 | 58°93 | 113 28 52°30 fee || pera 
” 13 ” ” 69°33 + 3°55 | 72°88 ae 17°73 63°12 
40 44 66°67 |~ 2°57 | 64°10 | 174 55 44°30 | ! 
ee ” Bre, — me 59°65 : 40°30 18°52 | 58°94? 
24 1 57°00 |— §°78 | 51°22 | 15d 12 35°70 } 3 
” 17 2 2 : 570° —= J 55 55 : oie ¢3 18 83 | 61 364 
7 12.33" —12°18 | 21°49 3 ) ae 
1848: +) ” 28-00 ate 372 33 tf : 3 Be 20°57 | 59 36 
: : T44 16° — 7° 203 0 53 - 
Nov. 7 | Polaris W. 7 6-6, 4 pee 7G 6 47 6 33°95 | 64°13 
ts 73 53 50°67 |-+ 3°02 | 53°69 | 212 47 31°17 me Gr: 
” ” ” : 42°00 Hee 54°Q7 20°67 30°32 1°27 
430 47°33 + 8°21 | 55°54 | 203 24 161 
ig . 2 ? 56:00 j— 3°32 | 52°68 ss ry 25°58 58075 
qe tree 147 16 33°33 |+ 4°97 | 38°30 | 286 9 54°84 eae 
ry 33 bd P 47°00 —_ 5°79 ae 52°50 Iq 05 59°86 
Se 95 559 53°07 +15°49 | O9*I0 | 234 50 Ig'50 
Feb. 8 33 33 é 95°00 —18-05 76°95 a 16°42 60° 36° 
5 46 56°67 |— 5°81 | 50°86 | 1 Oo 21°8 
> It ” ” 46*00 |+-11°71 eee a4 4 8-67 16°94 64°04 
12 168 14 12°67 + 1°99 | 14°66 | 307 7 44°51 17"2 66-68 
" = ‘ ee 20°33 jr 3°01 | 23°34 g 40°34 75 
5 32°33 |—12°50 | 19°83 | 293 28 48°6 ' 
2 13 ” ” ; a5 8 + o'58 nee 93 ee 17°57 66* 707 
, | 39 2 39°67 (— 9°33 | 30°34 | I 8-76 | 
» 7] os Bre ee eee 18-60 61°40 
” 27 ” ” 137 34 28°00 |— 8*g0 1g"to 276 7 44°84 . wis | 
1§*00 |-+11°35 | 26°35 AI°I7 nee 57°97 | 





Mean of Eastern Elongations 316° 32’ 1°09 General Mean 316° 32’ 17°55 
“ Western 55 sR 5225 Probable Error + o”*52 





! Referring-object in haze: rejected in the mean. 

* Referring-objectin very bad light ; very unsatisfactory. 

3 Referring-object in haze. 

4 Referring-object difficult to observe. 

6 Unsatisfactory, in consequence of clonds, 

6 The star was not satisfactorily observed, the wind being too strong for the axis light. 
7 Referring object was not observed for two hours after the star, owing to mist, 
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wboanp —atea eur ee a ORT TF 


OBSERVATIONS. 173 


BURNSWARK. 


san Eemernnne neem 












Name and Computed |Corrected | Computed Resulting 
Date Elongation of Reading of Star. 1 | Reading | Reading of R.O. | Azimuth of Star pope 
Star, ie md Col”, of Star. : at Elongation. Azimuth of R oi | 
a ae a ee oe | ! 
1847: @) t " .@] " t a | 
March 28 | 8 Urs. Min. E, ior 46 57° 40 |-+ 4°02 | 61°42 | 121 41 20°10 | § 57 41°47 204 52 0° 15 | 
» 9 JA y, » | 98 49 47°40 |-+ 5°77 | 53°17 | 121 41 19°40 | 2 0 38°66 4°89 
» 291 yy » | 95 22 14°80 + 4°37 | Ig't7 | 118 13 47°05 | 2 0 38°89 6°77 
2 99 7. - 99 19 11°20 |+12°25 | 23°45 | 118 13 46°55 | § 57 41°47 4°57 
April 1 |,, ‘s » | 270 25 6°80 |-+ S'o2 | 11°82 | 289 19 44°10 | 5 57 41°29 13°57 
a IA Oy » | 266 28 5:80 |+ 3°79 | 9°59 | 289 19 42°30 | 2 0 39°63 12°34 
9 218 . » | 267 47 53°60 |-+ 2°44 | 56°04 | 286 42 26°80 | 5 57 41°29 12°05 
2 9 JA 45g 3 | 263 50 49°00 |+ 2°54 | 51°54 | 286 42 23°55 | 2 0 39°72 11°73 | 
” 5 13 ss Me 85 51 13°40 |-+ 1°48 | 14°88 | Io4 45 45°05 | 5 57 40°81 10°98 
” 2» | A > » SL 54. 12°20 [+ 0°95 | 13°55 | 104d. 45 44°05 | 2 0 40°09 10°99 | 
” 8 [3 ” » | 264 9 37°00 I+ 3°62 | 40°62 | 283. 4 9°25 | 5 57 40°45 9°08 | 
’ QA 5 5, | 260 12 36°40 [+ 2°30 | 38°70 ; 283 4 Io*rIo | 2 0 40°58 11°98 
x » [Od 9 2 78 47 50°40 |-+ 1°15 | 51°55 | Q7 42 20°50 5 57 40°28 9°23 
? IO 1A 2 ” 74 50 52°40 |— 1°88 50°52 97 42 19°45 | oes ai ae 
» 2/3 ,, | 76 1 35°00 |+ o-ar | 35°21 | 94 56 3°05 | 5 57 39°75 7°59 
y TSR | 72 4 31720 j+ +72 | 32°92 | 94 56 1°30 | 2 0 40°98 9°36 
» I7\|8  y » | 245 14 14°60 j+ 1°30] 15°90 | 264 8 42°10 | § 57 38°70 | 4.°90 
» 8 ja 9 » | 241 17 16°60 - 2°38 | 14°22 | 264 8 40°90 | 2 oO 41°16 7 84 
» 19/8 9 » | 64 3 o'20 \-+ O°22.1. 0°42 |. 82 57 28°95 | 557 38°22 6°55 
” 9 [A 7 » | 60 5§ 58°80 |+ 1°73 | 60°53 | 82 57 28°35 | 2 0 41°33 Q°15 | 
»  » | Polaris » | 240 43 21°60 j-+ o°16 | 21°76 | 262 57 28°95 | 2 37 59°47. 6°66 | 
» 21 |3 Urs. Min. ,, | 242 17 33°00 |— 2°05 | 30°95 | 261 12 L°I5 | 5 57 37°70 7°gO 
9» on TA a » | 238 20 33°00 |— 0°36 | 32°64 | 261 12 2°00 | 2 © 41°26 10°62 
» 9 | Polaris » | 58 57 55°40 i+ 2°16] 57°56 | 81 12 2°75 | 2 38 O°52 5°71 
» 23 )A Urs. Min. ,, | 53 58 29°80 |+ 3°88 | 33°68 | 76 49 58°85 | 2 0 41°14 6°31 
yom 1d, » | 57 55 27°20 |+ 4°25 | 31°45 | 76 49 58°45 | 5 57 37°00 4°00 
we, 74] » | 222 20 61°60 |— 4°86 | 56°74 | 241 15 28°55 | 5 57 36°64 8°45 
NY 4 ly ow | 8 12 69°60 + Grog | 75°64) 27 7 45°15 | 5 57 33°14 2°05 
i 9 me e 4 16 16°80 (+ 2°38 | 19°18 | 27 7 45°95 | 2 © 40°51 7°28 
larch 28 | 51 Cephei W.| 92 1 44°00 |-+ 3°46 | 47°46 | 121 41 20°00 | 4 47 28°16 4°38 
» 29 ‘5 » | 88 34 6°60 |+ 5*50} 12°10 | 118 13 46°30 28°20 6:00 
1 3T ” » | 259 40 2°60 |+ 1°30 | 3°90 | 289 Ig 45°35 28°23 13°22 | 
April or » | 257 2 45°20 |+ 4°55 | 49°75 | 286 42 26-75 28°28 8+ 72 
» 4 ‘3 » | 75 6 Goo |-+ 1°23 | 7°23 | 104 45 45°30 28°65 9°42 
» 8 ; » | 253 24 34°40 |— 0°27 | 34°13 | 283 4 9°75 29°12 6°50 
» 9 a » | 68 2 47°00 + 0°34 | 47°34 | 97 42 20°65 29°26 4°05 
= ae , » | 65 16 32°40 |— 2°47 | 29°93 | 94 56 5°20 29°72 5°55. 
ee , » | 234 29 8°20 |— o'79 | 7°41 | 264 8 42°85 30°69 4°75 
» 19 | Polaris » | 55 27 26°40 |-+ ov7t | 30°rr | 82 57 32°75 | 2 37 59°73 2°91 
» oo» {51 Cephei ,, | 53 17 54°00 |+ 0°39 | 54°39 | 82 57 29°20] 4 47 31°07 3°74 
» 21 | Polaris » | 53 41 57°Go |+ 2-71 | Go°3r | 81 12 2°75 | 2 38 O50 1°94 | 
” » | 5£ Cephei ,, | 231 32 23°80 [+ o°35 | 2415 | 261 12 «1°55 | 4 47 31°47 5°93 
» 73) » | 47 10 21°40 |+ 2°66 | 24°06 | 76 49 58°65 31°O7 2°62 
M.. = 93 » | 211 35 53°00 |— 4°82 | 48°18 | 241 15 28°80 31°97 8°65 
pty 4 ’ » | 357 28 3°00 (+ sega | 8°44 | 27 7 46°65 35°64 2°57 4 


Mean of Eastern Elongations 204° 52’ 8°03 


General Mean 204° 52’ 7°20 
9 Western 5” -68 


Probable Error + 07°33 


3) 33 3) 





174 PRINCIPAL TRIANGULATION. 


BUTSER HILL. 























Date. Blongation of Reading of Star. ew Ed Reading of R.O. Ste Str Azimuth of ee 
1844: p ie 18 67 |—27°98 | 31°69 98 = 34°00" : aed 
rd ae cl + ee ee ne 
Tang 26. » 59 58 Aa + a , 63-07 | ae 55°34 st'45 
ee cee ares ae 
» BL ew | ESS Tee Se | Shae | PBS] shee] aacag 
i) res ae ae a a od 
Ieb. I 2: ” 6 19 ee ee ire or te °7 56°85 52°80. 
es ee eee ee no dd 
> HL wow | BE TEE | PFE | bores | sib 
Dest 5 |AUrs.Min, w,| '68 5 34790 | 7'50 | 26:50] 98 5 62°33 | 49 29.78 ae 
ae Polaris %9 943° oe = ee : ae te 32.33 2 23 55°34 48°24! 
conf fee ee re oss] set 
ae oe eee ee ae ak 98 32 qe 55°55 56075 
» 26] 4 See ee he foe et 55°71 59°49 
arf nm | aaa OnE AHL 457 a H400| asia | seg 
Feb, 2/1 9 gee Fe + 4°60 era 9° 47 7 56°98 54°56 
otf MARS ASS TSR] SB] sre] arts 
i) ee dae avery aa nd 
cP we 7 ee Saas ee 26:6) 57°97 51°50 
Mean of Eastern anronalon 108° 10’ 54”°61 General Mean 108° ro! 54°92 
. Western m > gay 5 ES Probable Error ae. ot ss 





The level out of adjustment. 

* Rejected in the mean. 

? Star clouded from 19” 24° to 24” 13". 

* Weather stormy. 

* Strong wind caused the light on referring-object to be unsteady. 7 ~ 
* The light on referring-object unsatisfactory. 

7 Wind very strong, observation unsatisfactory. 


a 


= PI 


OBSERVATIONS. 175 
CHEVIOT. 
a i 
| 
Name and ° Cc ted 'C ted Computed ine 
_ Date. Elongation of Reading of Star. evel Reading Reading of R.O. | Azimuth of Star Perunln 
Star. and Col", | of Star. at Elongation. 
a at Nt a a eae eM ye re 
1846: é o of é | ; , oor mW o vt & u 
Jul Polari d, | 194 14 10°40 j++ Qrlo | 25°59 | 227 43 40 90) , . . 
Y 4 | Lolaris i. 54°40 |—15°60 38-80 40°30 | 40 20°79 1246 9g 29°20 
August 2 49 48 ~2°80 |--+10°81 | 13°61 | 113 17 52°90 : : 
°o 9 3 47°40 Hi 0°34 47°74 ; 47°70 14 17 33 i 
55 Io 58°20 ; 4°16 | 118 40 21°30 : Bis 
2 3 9 » 5 ee us aia 66-98 totes 13°83 28°81 
6 6 12°20 |+ 5°79 | 17°99 | II9 2°60 ; . 
93 4 ” ” 3 39°60 —_ 4:95 34°65 35 ee 13 46 , 29 O04. 
8 9°80 |-+ 0°96 | 10°76 | 121 32 34°70 . : 
) 5 2 9 5° 3 ue + 0°50 20°90 32°90 12 2 . 30°96 
: 66°6 ; : 2 : : 
ie ps tape cap Pe eee ee ae ee deen aree 28°24 
‘j 59 9 Gordo |— 4°38 | 56°02 | 122 39 22°60 : : 
7 6 | Polaris e 68 Bc 4. te. | 66-00 19°70 2 40 12°58 30°77 
229 G00 |+ 5:17 | 11°17 | 65 58 38°80 
» 18 3 4 22°20 |— o'44 | 21°76. 39°30 G0. foe 30°99 
vn [orcas | 439 ge Fe ELBE | ats 98838 Ty sr gus |e 
n ty fPolas | 35918 5028 #338 | Beg) Ge 45 SLs go orgs | ove 
8 32 45°60 + 7°02 | 52°62 | 62 2 20°00 ; . 
oe - oo as 18-60 if ta6 52°86 2 20°40 | * 4° aoe 33°31 
I g‘*20 |-+ 0°6 9°83 I 20 39°10 . 
Pg Pla 2 me : 66 — 08 16°74. 38°30 | 7 49 4 48 og 
» 9 | st Cophei , | °% 7 2740 7 ree fe nie ae 4 51 11°23 33°43 |. 
» 25 | Polaris 9 356 28 se a ree i. 59 gee 2 40 3°98 29°14. 
rm [sr Comer | 35°39 25-20 (= S50 | 28:80 | 5957 2 a seuss] sae 
» 26 | Polari 354 44 58°20 |— 0°27 | 57°93 | 58 14 23°60 ; 29°4. 
2 moe a 36°40 4 15g. 37°99 . 24°40 240 3°45 9°49 
S.A; - = e e 2 I 2 ° O . a a 
” 3 «| ST Cephei » 33 ae ie ro. no | 5 oe 4 51 II 87 32°29 
, 337 35 54°60 |—15°20 | 39°40 | 38 53 72°50 2°88! 
Pepe: ~~ we age ee eee ee ey 13°75 4 
305 35 27°80 |— o°15 | 27°65 6.53 48°00 : ve 
a 9 si a 28°60 j-+ 3°92 | 32°52 40°40 15 °3? 79°43 
307 56 32°20 |— 7°08 | 25°12 9.14. 43°20 ‘ + 
ama fs = 29°80 j— 1°19 | 28°61 35°20 cas ae 
ee 308 54 65°00 |I— g'06 | 55°94 | I0 13.19°80 : noe 
ae +P) + 55°20 + 3.33 63°53 I0°IO. 15°79 3! ol 
Aucus eo 49 22 38°80 |+ 0°98 | 39°78 | 121 32 34°10 ; 66 
“August 5 | § Urs. oom W. 9 50°00 |— 2°08 | 49°92 wi 34°10 6 o 18°59 31 
“. * | 353 48 48°80 |+ 3°78 | 52°58 | 65 58 39°20 33° 3 
| we a ee _ 62°80 |—. 7°69 | 55°11 42°10 | ee 33 3° 
» 124 349 10 50°00 |-+ 0°06 | 50°06 | O61 20 40°50 11°37 32°61 
meaty 61°00 |— 0°43 ey ) se 
e 347 47 55°80 |-+ 4°36 | 60°16 | 59 57 48°50 
i Fe ~~ ek 70°20 |— 3°38 | 66°82 48°60 ned pe 
» 261 4 4 4, | 346 4 43°20 )+ 1°13 | 44°33 | 58 14-23°30 10°84. 29°53 
Sea ie (ae re eae — .  -4.7°80 I— 4°17 | 43°63 25°40 1. | 
a al 350 3 39°80 j-+ 0°20 | 4ovoo | 58 14 25°50) 5 4 33-91 29°66 
as Pee Ge A260 I+ 0°16 | 42°16 23°80. 
Sept. 2/3 4, - 4, j--f 326 44 36°40 )—12-17 | 24°23 | 38 53-71-20 |-6 9 707 32°92 
10°20 |+-r1°08 | 21°28} 56°50 | : 




















176 PRINCIPAL TRIANGULATION. 


CHEVIOT—continued. 

















: Name and . Computed |Corrected| _ | . Computed Resulting | 
ate, Elongation of | Reading of Star. eexel, | Reading | Reading of RO. ing Azimuth of 2.0. | | 
. o of» or » P ” 
sept g [Urs ain, w.| 298 42 60°40 /+ 0°59] Gorgg | 6 55 44°901 2 gigs Ja46 9 gor85 
rd ee ace od ree ae ed 
o fs oo of SGML get] GE) dese ss ous] aps 
» ap ee ee oe aay 32°92 | 
vole wo SAT TH [387 | 1 TG o Sap] aes , 
> fog (SF 2 MBO 757] 37723 0 GO. x gus9] 2836 | 
ERO “ 7 287 45 a. 1038 eo 359 55 pee 6 o 6°82 26°19 | 
Mean of Eastern Elongations 246° 9g’ 30”: 71 General Mean 246° 9’ 30”°63 
ss Western . sg: Sh. case nb Probable Error 024. | 
COWHYTHE. 
Name and Computed {Corrected Computed sass 
Date. Flongation of | Reading of Star. ; Tere Reading Reading of R.O. ee Wee ee: | 
: o or» or » 0 ” 
pec 's pais n.| # *6 635 fo pts | ecg8 | HFS 90 | ge g8s6| 66 27 80 : 
53 28 . ‘3 ro: 3° aoe 7" cae see ier ne 29°53 35°92" 
ag? ] en STRBEES | cS) S EE) ater] soe : 
Jan. 10 ss es 9 a: 3 es tase ss ee 27°80 35°66 
a rf yw [88.87 29°87 LE org Bris | wo 36 s5roe| sag] ggugs 
pf | EE Soy | apes | TZ] ar Bo] 34°53 
» Yl: ae g3 62 ee oe 133 3 ee 27°80 38°58 
ee » f° 20°67 fats ee ae 28°17 34°49 | 
Dec, 20 |Polaris  W.| #7 T4907 at ee ee 31°45 32°28 
sot) PETER EEE EB 88) ou] ne 
Jan. 12 . - soe eas tee ue 24 33°22 27°80 37°62? 
es a ded 
y 18/2 es Mine 5 | 795-9 59°33 OST | ergs |) 6 PEE | 6 2s 3653) 45-08 
Mean of Eastern Elongations 66° 27’ 36”: 82 General Mean 66° 27’ 36"+g1 
— Western . i. gh 7 5 Probable Error +O" 62 


1 The weather was rather cloudy, and some delay occurred before the star could be found on the 2d are. 
* Referring-object observed only on one arc. 





OBSERVATIONS. 177 
































DUNKERY. 

Date Blongation of | Reading of Star. ere ee Reading of R.O. Aainth of St iS: 
Oct. “21 |Polaris  E, | 99 29 Berge + reg 5903 | T5439 coo [2 25 0°26 | 84 4 14°39 
Py oo feo ig Se 18°09 
» —m [srCophei ,, | 77 2° $2720 |4 13788 | 85775 | 5 39 3°80 | 4 a sq-06 9°49 
” 23 | Polaris és 2 ee ae 1% | e336 a7 33 3 a 2 24 59°14 I4°1g 
a SC ag ASS OT ah ae ee oaaeags 17°51 
Nov. 17 , ; 66 28 Late ee : 56.48 146 47 4 = 422 47°84 oer) 
Oct. 22 (3 Urs. Min. W. Bane ec aoe ce *31 39 7 = 5. 25.23" 75 14°89 
22 ae app oee eae 7 539 peg to aereg: | Saosos Oe 16°67 
» 24 {Polaris , | ° 76 es - ie : oh. 26 87 23 17°40 | 2 a4 38°83 20°61 
Nov. 17 |8Urs.Min, ,, | 5° 4° 073° ee 15°33 146 46 pee 5 25 40°66 10°20 
toh « ol PES ee So tee 14°04 
2 18 | Polaris - 59 41 er i+ ae : Pe 146 47 es 2 24 44°98 28°59' 
ge Bee yA gee) ce 55 pease 13°80 
» 22 | Polaris » | 39 4 ie Fi a 64 ee 146 47 a He 2 24 42°QI 16'00 
Mean of Eastern Elongations 84° 41’ 13°64 General Mean 84° 41’ 14”° 46 
3 Western - gp a7 Probable Error + 0” 64 






1 Rejected in the mean. 


DUNNOSE. 

















D Name and ! Computed | Icorrectea Computed Resulting 
ate. Etongation of Reading of Star. | Level | Reading Reading of R.O. | Azimuth of Star) Azimuth of R.O. 
Star, ‘and Col". | of Star. | | at Elongation. 
——__ | 
1844 ; o fr ww o of eH lo of @ Oo Fon 
July 15 |Polaris E.| °5 2° pee — ee : i a 2 eae 224 5°01 | 339 12 14°27 
; 8 22 23°80 |—18°2 5°51 | 165 10 21°go : ; 
ee ee 3 are ee Re as 4°74 13°23 
62 22 53°60 |+ 9°48 63°08 | 219 10 55°30 « 7 
’ 2I . . 
’ ” ” de 50°60 | —19° 38 aie | 59°00 3°64 13°64 
e y T — . m : I 8 §° Py 8 
» 20 | Polaris Ww. | 79? 59 13790 S37 bee ee 3°99 14°99 
» 21 : 153 29 58°90 |+ 7°81 66°71 | 135 6 15°10 3°79 8-56 
33 53°40 of. 9°80 | 63°20 | 19°50 / 
» ag] ,, , | 57 34 42°80 |— 6:44 | 36°36 | 219 10 53°50 3°36 10°84. | 
in 36°90 [+ 1°24 | 38°14 | 49°40 | 
Mean of Eastern Ilongations 339° 12’ 13°71 General Mean 339° 12’ 12°59 
%3 Western ats 11°46 Probable Error + o”°61 
‘Levels were not read until the termination of the arc; observation not satisfactory. * Much motion. 


N 


178 PRINCIPAL TRIANGULATION. 











DUNRICH. 
Name and . eee pieauen | Computed 
Date. ee of Reading of Star. | Level | Reading, Reading of R.O. Acimuith of Star Itesulting 
, | and Col”. | of Star. : at Elongation. Azimuth of R.O. 
5 1850: 6s 48 ”" | 9 ‘e) t uw re} t wt Pay : P 
ept. 15 | Polaris 2 5 37°30 [+ 8°13] 45° 12 ° : 
| Hep 5 | Polaris Ys. 65 +80 - 3°86 par 3 39 eee 2 38 rr°go | 242 28 64°14 
‘ed. a | 7 42 86-00 —r0'25 | 75°75 | 131 33 50°42 
43°00 j— 2°27 | 40°73 42°82 10°78 59°16 | 
ye, HO 164 33 54°10 |— 9°99 | 44°11 | 224 24 13°91 
i 23°80 '4- 1°96 | 25°76 13°16 «747 48-57 | 
» 2d . 84 25 72°00 '—13°10 | 58'g0 | 144 16 31°40 
; se 34°40 + 6°76 | 41°16 23°90 6°23 43°85 | 
Oct. 9g | 113 42 16°80 |4+13°41 | 30.21 | 173 33 27°90 =e 
9 ” 26°50 Ib 3°34 | 29 64 27°90 2 37 50°14 54°11 | 
%9 II ‘s 62 41 6o'4o |+ 6°51 | G6-gt | 122 33 3°40 3 
is bs ee 6o*50 |—~ 3°22 | 57°28 2°55 2 31 Bk 79 55°73 
, . 4. 56 13°20 |— 0°93 | 12°27 | 122 32 55°90 
? » | 51 Cephei _,, ; ab* 86 ~ 10704 606 3 2B, 4. 52 12°53 55°31, 
, 20 | Polari 7 5 22°10 j+ 6°88 | 28-98 | 126 56 29°70 | 
, Nc ” 39°80 |—13°22 | 26°58 2 ee 2 37 48°83 57°57 
yee ‘ ‘ 158 19 23°30 |-+ 0°67 ! 23°97 38 Io 40°05 | 
6 17°00 |-+ g*Ig | 26°19 ——-32atga | 7 37 46°89 58°29 
3 » | 51 Cephei_,, 160 33 46°80 " 0°77 | 47°57 | 38 I0 37°50 
36°80 |-+ 7°02 | 43°82 34°80 | + 5% 10°98 61°43 
,  26)Polaris  ,, | 98 § 46:90 |— 2°95 | 43°95 | 157 57 70°00 er | 
_ 34°70 a 49°34 59°50 | > 37 44°02 62°92 
; » |5t Cephei _,, ZI 29.90 |—~-13°30 | 10°54 | I 8 13°70 : 
a : II‘*40 j}-+12°50 | 23°90 aur e 4 §2 10°39 59°02 
8 | Polari 48 53 15°30 |+ 3°34 | 18°64 | 108 80 
” 2 olaris 99 naa 29° to an 310 Baie. 44 tees 2 37 43°40 5608 
79 42 62°00 |— 3°64 | 58°36 | 5 13 
Gs es ” sa°go lt 70 | 38-60 | racay | 2 37 42°82 57°44. | 
Sept. 24 [2 Urs, Min. W.} 7? 47 16-00 |~18+73 |—2°73 | 144 16 28°80 | © 
; 12°80 {+ 3°32 | 16°12 27°40 0 49°21 32°19" 
Oct. 9g | Polaris Oe 26 30°20 |-+ 2°89 | 33°09 | 173 33 28°25 | 
| _ 35°90 [+ 6°37 | 42°27 23°40 | 7 37 53°79 52°35 
» 11 |3 Urs. Min. ,, 54 3 I7"10 |+- 3°30 | 20°40 | 122 32 58°10 | & 
soae 28°80 j—11°85 | 16°95 60°65 0 49°96 50°74. 
» | Polari ss 26 10°20 |-+ 2°54 | 12°74 | 122 2 
: = so cn ee 218 | 1219 33 gee | 2 37 54°55 58°28 
O 52 25°30 |— 1°03 | 24°27 | Io 11°6 
” 14 ” ” ie 26°40 |— age ser 5 59 14 76 2 37 52°43 s6°15 
ae 2 ts | 78 46 47°60 |+ 3°05 | so°65 | 91 53 34°95 ¢: 
43°10 ;+ 3°64 ; 46°74 32°90 2 37 49°53 56°70 
‘ 23 |8 Urs. Min. ,, 149 40 52°00 |— 2°30 | 49°70 | 38 10 38°60 
48°80 j-+ 2°68 | 51°48 34°85 | 9 9 SK"92 54°21 
yo [Roy | 183 AT 44°80 | 3°83 | 37°97 | 38 10 40°00 | 
eT ok eee ee gas. (° O° 3 ae e239 
» 26/8 , | 09 #8 32°80 [11-30 | ar+50 j 157 58 15°40 
13°20 |-+-12°29 | 25°49 7°05 6 o 52°66 55°08 
” » [A ” ” 93 28 70°10 |— 6:06 64°04 | 157 58 10°60 | 
55°80 |+-13°00 | 68°80 ogee | 2 2 3°42 55°89 
“i » | Polaris is 92 51 36°90 |— 7°73 | 29°17 | 157 58 14°85 | 
oar 10°50 I+ 6°75 | 17°25 g*00 2 37 44.°46— 64°25 
- 29 | Urs. Min. ,, T7t 4 31°90 |—21°97 | 9°93 | 59 34 11°50 | ¢ ; 
Io‘Io |+ §°60 | 15°70 4°10 oO 53°20 61°48 


"Mean of Eastern Elongations 242° 28’ 56” ‘69. General Mean 242° 28 56/8 

5 Western - x gs 59 OO Probable Error + O62 
a a a a ee 
1 Rejected in the mean. 
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a Lee me 


pe dee ES 


Gi sears aed 


OBSERVATIONS. 179 
EASINGTON. 

Date Elongation of Reading of Star. “Tere Tending Reading of R.O. asin of St ‘geen EO: 
fe ee ae eg eee ee ee 
a 8 Urs. Min, B,| 2 6 37700 |— 810 | 48-90 | 124 52 45°70 |. Snags 

. . £. 33 40 |+16'58 | 49°98 39°20 5 53 2°80 [128 38 55°81 

: ae ae ae ae ee tb aah 2 soto oh oo to 8s 67°35 | 

pe ee ee a ee ee ee a 56°04 
[Mane | | 174 27 sea aa: Tes 297 13 a ee 554 3°32 58-g0 | 

Be ce ag MO | ee ered 8 83 92 a lee age 61°50 | 

SBE a ae ee eee ae 59°74 | 

» Sie» » 7 7 ae - oe eB: 287 7 25°30 | 5 53 4+06 60°44 | 

: a ieee 

a ee 

eg) Ga a gadis Je ee ae ee mee 55°26 

pw | 157 $0 $B Lm Be | abe | Ot 80 AS | x so tose | sr 

eG ay gy De ee ees | tS ee 6241 

Te a 2 eed Nan a 5836 

eae cae ee 

» 918 yy | 1738 14 ee Bers ae oe eee. 553 4°93 58°56 

nonin gy | 9 4 28°60 | 0°27 | 22793 | 246 0 64°40 59 rynso| Ga 

» 9 |Poteris —,, | 779 SB 37RD Uh A182 | 512 | 240 © 89748 | 2 56 2-26 60°45 

» 12/8 Urs. Min. ,, Bee oe + ie 259 2% ae 5 53 5°32 61°53 | 

| ee a ae ae 1 59 18°69 60°81 

Ge Sb Nee as area gece os 59°99 | 

» 18], . » | 99 35 Mee ree se) ate ae sas 5 53 Gror 61°09 

Ply oo AB peas | er [EE Gras ss] Gots) 

Be eal PTO eee fee ces) aoe se 65°72 

» My pa eee es een? oe 553 6°35 62°21 

Bly | AM Gite Oe | Bbree | 07 2° Be [sss Sas | ate 

rome wf TOS Bee BE] Taine | 197 8° Saige |e 59 aser | 67-70 

PRT tage - 33 40 . 2°89 i809 193 19 ‘9°00 5.53 618 60°57 

ae a elie rl ee) 

» 2848 m yl 28 57 34°80 —10°48 24." 32 182 43 28°40 5 53 618 63°56 

35°20 |— o-d7 | 34°73 25°40 
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Date. 


1846: 
March 28 


April 





3 
4 


PRINCIPAL TRIANGULATION. 


EASINGTON—continued. 


Name and 


Elongation of Reading of Star, Level 
Star, 











i?) j 4 














| 

‘3, Min. E.| 56 3 40°00 4 8°20 
4 Urs. Min, FE. 39°60 I+ 3°40 | 43°00 
5 49 20 a ea 24°40 
” ” 30°80 |-+ 3°65 | 34°45 
ae Org ra eae eae 
A re ’ 38°60 + 3°21 | 41°81 
aie w.| 177. 1 35°80 |— 2°63 | 33°17 
Polaris | 47°80 |— 4°41 | 43°39 
M7 ASY $3 O83 57 4 3 
2 ” 50°60 + 1°94 | 52°54 
: I7I 29 7O°20 |—12°79 ; 57°41 
51 Cephei__,, 52°20 |+-13°38 | 65°58 
168 24 36°40 |\— 2°75 | 33°65 
” ” 49°00 |= 2°18 46°82 
160 45 14°60 |+ 3°70 | 18°30 
” 2 38°80 |— 2°06 | 36°74 
158 35 46°40 |-+ 3°07 | 49°47 
2 2” §6°20 |— 1°08 | 55°12 
153 44 33°40 (+ 1°54 | 34°94 
” ”? 52°00 |— T'19 50°81 
151 7 53°80 |-+ 6°36 | 60°16 
3 33 75°60 —- 7°31 68°29 
128 1 43°60 |+ 0°73 | 44°33 
iy » 58°20 |— r'gt | 56°29 
112 38 16°80 |-+ 4°47 | 21°27 
9 » 40°60 |— 2°47 38°13 
; 107 57 28°20 |— 2° 25°57 
Polaris 9 33°80 —_ a6 31°15 
; ; 105 49 47°60 I+ 1°85 | 49°45 
51 Cephei _,, 58°80 |— 1°97 | 56°83 
: | 104 25 40°00 j— 2°70 | 37°30 
Polaris a 43°80 |— et 43°69 
: 'ro2 18 7°20 |— 3°64 | 3°5 
51Cephei ,, | 8°20 + 4°46 | 12°66 
| gt 6 59°60 ;— 7°86 | 51°74 
Polaris 9 , 44°00 |-+-10°67 | 54°67 
: 59 22°60 |— 7°52 | 15°08 
51 Cephei __,, 22°40 |4 g'o4 | 31°44 
79 27 62°60 ;—11'07 | 51°53 
” ’ 64°20 |+10°24 | 74°44 
, , | ©7 58 39°00 |+ 7°53 | 46°53 
75°20 |—16°45 | 58°75 
64 8 19°80 |— 4°93 | 14°87 
9 39 21°00: == 0°48 20°52 
| 59 56 25°60 j— 4°44 | 21°16 
” 33°80 |+ 3°03 | 41°83 
. | 49 20 44°80 |— 5°16 | 39°64 
64°00 |— 3°43 | 60°57 


Mean of astern Elongations 128° 38’ 61”°28 
» Western 3 %: te O° 32 


| Computed Corrected 
| Reading 
and Col”. | of Star. 





| Computed 


‘ foe cg Resultin 
Reading of R.O. | Azimuth of Star ; 4 
5 at Elongation. Azimuth of R.0, 





Boge oe Oo ff & 
182 26°70 

Gta | Po ea a2 
172 6 21°50 


18°10 | 3.53 5°83 
172 6 ae I 59 24°93 
308 16 34°70 | 2 35 57°50 
ee oe ee. 
ee ee 4.43 40°00 
oe 39°71 
zoe. seer 38°84 
ak ec 38°65 
sh ae ie 38°46 
284 30 nee 38:27 
261 24 a0 3° 37°89 
246 0 ee 37°68 


28°60 | 7 sR ar ee 


31-20 | + 43 37°33 
noose sf 236 4°54 
72 40 ee 443 36°97 
222 21 aa 236 7.17 
san sem ee 4.43 36°54 
212 50 seam 36°13 
201 27 tas 36 15 
197 30 55°60 36°18 
193 19 ia-é0 36°20 
182 43 seine 36-21 


General Mean 128° 38’ 60" 49 
Probable Error + 0”*30 


o 


f 


“af 


128 38 64°62 


56°20 
70°68 


55°97 | 
55°26 | 
61°66. 


59°35 
60°19 


59°56 | 
63°21 | 


58°91 


58°45 


57°12 


54°58 


58°43 
61°g1 
59°22 


61°08 | 


60°95 | 


59°48 
59°76 


- Go-78 


60°55 
59°29 


on anal Sie MI toes ea 


ee ieee 


= Fak dla oR a aa AE 


OBSERVATIONS. 18f 


FATRLIGHT DOWN. 




























Name and Computed \Corrected Computed . 
Date. Elongation of | Reading of Star. | Level | Reading| Reading of R.O, [Azimuth of Star} , Resulting 
Star, and Col". | of Star. at Elongation, | Azimuth of 2.0. 
iN a een tt eh cd eta ee ed ce eee et ke 
| 1844: oO rf oO or Ww Oo Ff 4 Oo Ff & 
sit os frais | 7 109 — gas wrss| 831 E67] ag sors ars gorse 
- 13 23 Ir 50°67 |+- 6°54 | 57°21 | 116 52 51°00 29°14 12°65 
a 69°33 + ike 43°33 
177 14. 20°67 "14 | 28°81 | go 55 20°67 : 
” 19 ” 29 : 46°00 iM 9°58 | 36°42 20°33 25°81 13°69 
14 21°67 '— 4°54 | 17°13 | 62 46 7:00 ; : 
33 20 33 33 9 5 Bae) + ae eB ee foe. 25 23 II 24. 
144. 31 57°33 ;— 0°65 | 56°68 | 58 12 42°67 
or ee i 54°33 -+ 0°03 54” 36 43°67 a2h¢ mae 
107 13 13°00 ,— 0°17 | 12°83 | 20 53 59°67 
9 25 ” ” 1°67 vi 9°40 | 11 07 ? 37°00 ; 22°28 866 
26 71 38 30°33 |— G6'o02 | 24°31 . 165 19 16°33 see 9°20 
i a 2 31°00 + O°Or | 3r‘or | 14.°00 9 
89 : 36 52 38°00 Per 1g 30°81 ; 130 33 21°67 ee 590 
p ta Ab 5'5L | 33°51 12°00 
27 20 18°33 j+ 2°10) 20°43 | 121 7 1°00 g- 
9 28 P 23 | a1 87 n 2:27 | 23°94 10°33 20°47 95 
157 45 8°67 (— 1°92 | 6°75! 71 26 6°00 : ae 
_ a - 8-17 i+ 0°69 | 8°86 5°00 *9°3? os 
Oct 4] ,, 5I 3 56°33 [+ O'71 | 57°O4 | 144 44 53°33 16°82 11°92 
7 iia aie ik 53°33 | 
94 59 57°33 |—-11°39 | 45°95 | 13 29 47°33 . , 
Sept. 10 } Polaris W. Go707 (4° God 65:91 31°67 30°62 T1°05 
102 24 20°67 |+ 2°04 | 22°71 | 20 54 I°50 ; ; 
”? 25 ”? ” - 17°00 |+ 5°44 | 22°44 0°83 21°93 16°66 
49 52°17 |— 6°52 | 45°65 | 165 19 19°33 ; 
3) 26 99 9 41°67 +. er 44°19 3 14°33 zI 42 Io 49 
22 37 39°33 \— 4°18 | 35°15 | rar 11°00 £3 , 
2 ) i 14°2 
a eh 35°67 |+ 1°84 | 37°51 | 9°33 ne? ae 
| 


Mean of Eastern Elongations 276° 5’ 11”* 01 Gencral Mean 276° 5’ 11" 57 
” Western 9 2. oF: 23° 22 Probable Error + 0”°51 
een 





GADS HILL. 


a nam ae aE 











Name and Compnted Corrected Computed Resulting 
Date. Proneeten of Reading of Star. eae ae Reading of R.Q. Sra ad Pecans of RO. 
re ac tee a ee Ma a Nc ae ee 
1845 ; o roa 2 : oO of &u o of & oO f Mw 
eee meer ‘ 00 ea : 
Sept. 19 }51Cephei EF. 34 5! ae ee: 64°58 177 39 ee A 24 30°34 | 307 II 50 5? 
» 26 , , | 27 10 45°20 |+ 1°87 | 47°07 | 149 58 14°00 30°90 50°26 
Go'40 |— 4°99 | 55°41 7°20 | 
» 27] 23 49 63°60 |-+ 0°38 | 63°98 | 146 37 26°00 30°98 54°61 
= 46°80 |-+ 8°95 | 55°75 21°00 | 
” 29 ” ” 13 43 51°80 2 1°27 | 53°97 136 31 a 31°08 53 °T5 
69°60 |— 5°57 | 64°03 18°20 to 
Oct. 4 ss © 3 38°20 J+ 4°15 | 42°35 | 122 51 28°80 31°08 66°39 
7 46.40 |-+13°23 | 59°63 25°80 


182 


Name and 
Elongation of 
Star, 


51 Cephei FE. 


9 3 


Polaris < 


51 Cephei_ ,, 


33 33 


Polaris - 


51 Cephei ,, 


Polaris 
51 Cephei _,, 


Ps 34 


33 33 bed 


A 33 3) 
8 ” ” 
A 39 3) 
8 33 33 
A ? bP] 
8 33 33 
A 33 3 
8 bP 3} 
Polaris = 


§ Urs. Min. ,, 


a 3 33 


8 3? +? 





7) 3 


¢ Urs. Min. W.. 


PRINCIPAL TRIANGULATION. 


GADS HILL—continued. 


Reading of Star. 


349 13 
333 29 

30 
325 10 
318 45 


322 22 


303 8 


Computed |Corrected 
Reading 
of Star. 


Level 


and Col®, 


m~ = 


Hin Pp aw Ph WO ints] OONT ta Lo 
Gs . 
tv 


CT TTi+t +r i+et $1 


+ 3°40 


bt 


m 

in Bsa O OWT Hee Se OF RB OW DN 
tv 
aS 


23°98 
33°65 





Reading of R.O. | Azimuth of Star} a, 


Qo i if 
118 15 44°80 


43°40 

106 8 36°60 
96°20 

Qt 24 59°00 
52°40 

75 47 39°90 
30°20 

75 47 44°40 
32°20 

212 49 21°60 
30°20 

26 41 66°60 
57°20 

26 41 69°00 
58°40 

198 29 64°20 
55°80 

IgI 14 39°00 
a 

6 8 eoaae 
70°60 

186 8 71°80 
58°00 

180 4 54°60 
39°60 

176 11 68°80 
59°80 

E77 393° 8° 
18°00 

149 58 14°00 
3°40 

149 58 11°60 
6°60 

146 37 26°00 
21°00 

146 37 27°00 
22°80 

136 31 23°00 
14°80 

136 31 22°80 
17°60 

118 15 44°80 
43°20 

118 15 47°40 
43°20 

106 8 36°60 
93°80 

94 47 60°80 
49°80 

gt 24 59°90 
47°40 

gi 24 59°80 
52°40 

75 47 44°40 
29°20 


Computed 


at Elongation. 


.°] f 


i 


Resulting 


imuth of R.O. 


Q 


? 


if 


4. 24 31°08 | 307 11 46°36 


225 
4 24 
4, 24 
2 25 


4 24 


5 27 


1 ; e . * hd Ld 
This star was observed with an accidental collimation error of 58”*4o. 


31°08 


31°03 


27°45 


§0 


*o6"| 
"58 


f net hte a Aue 


ats 
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GADS HILL—continued. 




















Date. Blongation of Reading of Star. “tere ate Reading of R.O. Asinth of St Peers ta 
84s: | ame 2 a oo ae oe ee 
| Oct. 11 | A Ors. Min. W. 306 45 spi ae | 38-67 75 47 Baie I.50 I1°41 | 307 II 45°23 

” » | Polaris ‘ 306 Io oe + 786 : ac eG 75 47 ee 2 25 26°65 46°26 | 

3 13 | 3 Urs. Min. ,, aeens ee ei | re ae 3) 60 5 27 12°10 49°47 

mew 88847 BSCE TAR] 7g [212 49 189 | go aoee | a9 5 

» 9 | Polaris, | 795 7? ae es ey =e 32 49 38°49 | 2 25 2600 49°39 

» 14 | 8 Urs. Min. ,, | 254% 29748 a ae 26 41 69°00 | 5 ay 12°35 49°36 | 

woo fa ww [87H HS aA) 28] 26 4 9°20 | go sonny | asco 
»  y | Polaris  ,, | 797 oe n iy ee 26 41 9°20 ripe gi84 44°23 

,  16|3Ura Min. , | 65 5° oS rage ie 198 2 ai eens 45°48 | 

Pe ae ee are ee are ecg 47°19 

i 2S me eee Faget ee oe 5 27 13°64 49°78 

ln nw | ATS Bee ones ag Me 4 SE Ls ev esto) are 

- Se me Qe ee ree: 19:9 180 4 53°09 | t 50 gt4o 43°94 

Psp, (OR BB ETE Balu Baye] ae 

rs Cr ee eae a 


Mean of Eastern Elongations 307° 11’ 507°83 
st Western 43 7 iy inlay 2 


General Mean 307° rr’ 48°95 
Probable Error + 0°38 


33 33 


GOAT FELL. 











Name and Computed |C tal Cc d . 
Date, Elongatio f Readi ompu eC orrec e ; ( ompute ; Resulting 
Lata 0 eading of Star. Pere - ‘ pry Reading of R.Q. oe a aid Azimuth of 8.0. 
Be ec ee a ot ll 
ans ° : 6> 4 6 6 6 | 8 , oo” 9 Oo -f WW o Ff & 
ept. § | Polari i 7 49 47°90 |—II"4 mi I! : : ‘ 
| olaris E. 32°50 if 17e Siar 5 a | 2 37 22°57 [233 1 56°78 
” : 51 17 65°80 |— 6°74 | 59°06 | IOI 42 30°05 wat , 
% 3 ; 25 48°70 2°87 | 51°57 | 42 50 31°20 , ‘ 
_ 47°80 |-+ 1°27 | 4g*or 37°55 709 ord 
» 4 | 51 Cephei ,, 106 15 63°80 |+ 7°25.) 71°05 | 154 25 23°90 452 34°72 58°69 
a6 ; Go°Go |~ 1°13 | 59°47 34°55 
us ” | 29°49 39°60 j—16-94 | 22°66 | 77-58 56°70 | gyro} 61°65 
30°40 I+ 5°45 | 35°85 55°10 


184 PRINCIPAL ‘TRIANGULATION, 


GOAT FELL—continued. 


. os | 
Name and | Computed Corrected, 























. . . i Computed R Iti 
Date. Elongation of | Reading of Star. | Level | Reading; Reading of R.O. | Azi Resulting 
° *Bta eae and Col of Sta. | coker he ae Eousdon Spm ee 0: 
8 . oO f &# | | oO Ff 4 oOo f on Oo f 4 
Sept. 17 |Polaris x, | 164 9 90°20 —16-89 | 75°31 | 32 25 57°25 |, 5) segs lone 1 58-86 
Be 61°20 + 544 ale | 7 ree 5°03 | 233 5 | 
, 164 16 30°00 —10°82 | I9'I : oh. Sas : 
3 » | 5£Cephei_ ,, a 12°50 = 8-85 21°35 | oa 48°75 4°52 35°35 63°81 
ie 99 50 39°00 '—23°g0 | 15°02 : ee 
» 21 | Polaris i ; 18700 = 2°23 15°77 | sae ie 2 37 12°5) 62°41 
| 23 24 62°40 — 3°69 | 58°71 3 . Sie 
” 27 9 ” oi 49°80 4 o"40 — | ee - 2 37 8:61 53°88 2 
: 5 | ereeplee = oe eee 23°16 pars 39°30 452 35°88 57°18 | 
te : 2 3 fh 40 Oat | OL 09 53. 3 50°°7 
Oc 5 | Polaris - " 46°40 + 5°39 51°79 : 45°87 237 3°16 54°56 
3°97 79 7 37 SO | 2 20 51°07 : 
” 8 ” 2? 34.700 nage: 46°86 | 42°60 2 37 1°03 54 67 
79 59 21°40 1— Q° Imn'54 | 130 14 71°30 : 
; 2 : — 3°70 | 47°30 o1 ; , 
” 99 at Cephei _;, ; 34°50 ce 13-6 6420 4 52 35°51 51 80 
: 7 14 75°90 |— 1°43 | 74°17 | 97 39 O40 : . 
» 17 {| Polaris es 53°50 |4 1°80 | 5°40 63°50 | 2 36 54°83 52°55 
Dec. : 167 56 58 20 2 5°59 | 50°61 | 38 22 37°34 Ae Byek6 67-86 
as : 4.0 °00 5°59 |} 53°59 ° 
‘ 147 49 67°80 |—13°20 | 54°60 | 23 29 13°35 | , ; 
Sept. 10 | Polaris W. oe nt ihe 4 é-98 78 pa 10°15 2 37 19°86 58°70 
; : 2T 70° — 0°47 °33 2 : 
gp. Ath Ore Dg ial es — 2°72 | 60°88 | ee a: a 25) 58 61°77 
. 30°40 |— T°iO | 29°30 | 139 53 40°90 ‘ 
P » | Polaris 3 ‘ 38730 = “75 33°35 ! 50°90 2 37 16°67 60°80, 
2 23°20 |— 4° 18°74 | 103 41 34°80 
2 16 2 ” — eee as ee | rs | = 33°35 2 37 16°10 55°38 
, Im -E 70_—s|s 2831 * 58 53°10 
9 ” § Urs. Min. ” : 42/90 + ue | AI*19 | ¥) 53°60 6 x 23°28 56°35 
22 50 50°00 '— 7°40 , 51°32 8 53°40 : 
2 42°20 — 9'24 | 32°96! 32 25 50°10 ane 
9) 17 P) 33 39 5 - a toe ae | 31°44 | 4 ) a 6 I =3 I4 54 TI 
2 "20 (10°97 | 45°23 | 147 20 60°20 nae ; 
7 21 9 ” z : 6 I 22°96 6 22 
34°30 + 9°62 43° 61°3 9 5 
27 |Polaris W.| 77 3 7°40 — 8-50 . 38-0 126 42 58°15 
9 7 oli . : 63 20 — 650 56°70 60°10 2 37 8°88 62°44 
, [8 Urs. Min, ,, | 124 4 23°10 —+4:83 | 18-27 | 173 49 38°90 5 | 
ah « eee iislue@el. cet | os | 
rs tee * ° I oO 
ee Lo 33 +e 4 B16 | 46-761 07 | 36-g0 | * 59 50°26 57°73 | 
Oct. 11 {8 71 11 49°40 |— 3°87 | 45°53 | 130 15 BrI0 
-— 2 a 338 Pe ae cia, @ Gee ovat : 
oda 28° ion é ! “Oo I “oo | 
y) » [A ”? ” 19 ¥3 6"8o hy Ae | oo 3 5 ae I 59 46°56 53°12 | 
Mean of Eastern Elongations Baa” 59 "53 General Mean 233° 1’ 57”°098 | 
» Western ie » 9 587° 16 Probable Error + 07°48 | 
k. 


{2s pt Py thee a Fre” cetlt 
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HART FELL. 


Name and 





2 


‘Blongation of Reading of Star. “Tere “Reading Reading of R.0. Aaimath of Str ie a: 

or m oor m or 4 o 1 & 

5 Cophoi , | T° 9 35°00 -F 11733 | 99°33 | 295 39 38.78 | 4 50 46-30 | 350 20 9.39 | 
> w | 383-38 g7r20 | + 9750 | GOr70 | 299 8 43:09 | goal 8-68 
i , | 310 31 oi ers oe 1X5 51 ay 40.12 4°18 | 

Polaris ” gat as a se a 67 3 es 2 38 41°88 4°62 | 

5 Urs. Min. , | 797 * ete ny an see hee lea 6 0 6°59 12°66 | 
99 Pe 59 80 =. nae a as Ze 6 0 7°22 8:96 

Polaris, | 199 5° Sores | peel ree fa 38 17°70 | 2 38 39°06 ce 

3 Urs. Min. ,, | 187 54 li + eH 09.97 352 15 Ae br eons 17°32 | 

ka «PRR CR EE Se ee ae ee) 

i we) Pee i ee ee) |e 

hm ow | THE 58 5or40 LE arg | Br3g | 850 TE Forse | at apegs 19°99 

ee 344° = a See 347 19 27°79 | 6 9 27°38 12°78 
>, w.j 37 48 tees ue eee nae eo 5 59 33°67 12°40 

. ‘ , 306 47 28°80 +27°26 56°06 11g 8 35°00 2 0 39°48 gt12 

55°00 |— 3°07 | 51°93 42°20 

Bolas, ef ST ee | at She 3°66 

Ure. Min, ,, | 999 37 2780 [Freres | oeoe | Tas St GoTo | 5 59 34°02 12°53 

sn ERE Peas [AEE] s cos] 

Polaris —,,_ | 9°° # eecao _ eas i268 113 41 pe 2 38 47°17 Ir°75 | 

2 Ure Min, ,, | 29° 39 1°40 = ee te aera ee 2 0 42°gt 12°99 

Potwis 4 [497 5 GSE OS | HGR] MOS? Gecks |= a8 ass | tsb 

oman air ne 

=e 57°40 |— 3°05 | 54°35 g2r7o | * 38 40°24 ae 

a Urs. Min. ,, 296 27 ees te eee? | Soe 108 48 oe 2 © 43°39 11°65 

: ogee ee reg /b38 a Say 43°65 13°76 | 

rom [EE TE ey Soon |S ee] wes] wee 

291 18 24°40 |—18°47 | 5°93 | 103 38 67°80 . 
oa 2 5°80 |-+- 7°95 | 13°75 57°00 ieee pice 

, 7 256 56 60°80 + 1°23 | 62°03 | 69 17 58°70 45°92 10°36 

Polaris 256 18 5-60 |4 2-2t | s7-8c | 69 17 59°80 | 5 58 yo ag 

es 64°80 |+ 3°37 | 68°17 s77go | 7 3 4874 ie 
Aa 


«a 


186 PRINCIPAL TRIANGULATION. 


HART FELL—continued. 











Name and Computed |Corrected Computed : 
F El i dine : ; Eos : Result 
Date i a of Reading of Star. ee Poe Reading of R.O. eed sh Agi ag of 2.0, 
1846: ° tow | 38 6y ; ne o fF 4n oO ff 
: 2 19°40 | ; 28°85 1°30 
iDec. 14 | Polaris W,| 754 4 aah eee 24°05 : 24°50 | 2 38 42°06 | 350 20 9°39 
2 Qo 56°00 | *§ 0°82 2 39 54°20 , 
ee . 7 eal gare 7 eee 64°62 33 30 41°18 12°35 
an. Ir], 242 22 46°20 |— 3°78 | 42°42 | 55 21 39°50 36°86 pesae 
” 43°80 + 3°53 | 47°33 3p 5e a4 
2 . aes . "AO * 
si » | 5tCephei ,, | “4° * eee + 248 16°68 22 i 3 450 9°67 12°39 
» 2 {Polaris ,, | 734 7 ae i aor ae ap we as 2 38 36°86 15.63 
: 231 59 38°20 |-+ 3°14 | 41°34 | 47 10 6°60 ; 
» 9 | 51 Cephei ,, 56°00 ee 92 54°08 7:40 450 g*i2 10°17 
18 "20 |— 3° o°8 8 25° 
Feb. 3 | ——» | 184 39 34°20 | 3733 | 30°87 | 357 38 25°50 | oso 13°72 
182 10 32°80 |+ 4°38 *18 0°40 
” 4. ” 9 ie aa Bee tgs 355 3 tee 39°38 II°75 | 
180 28 66°60 |—12°08 | 54°52 | 353 27 53°40 ae +38 
” ”? ” : a -+-12°g2 73°72 53°70 39 55 9 
179 16 22°60 |-+ 3°69 | 26°29 | 352 I5 II*go : 2 
: ae a 25°40 a 3-08 as 32 ee 39°95 9°94 
i 177 4 00°S0 |-+ 1°05 me See a le : ‘ 
” » {51 Cephei ,, aaa 56°20 oe 45°82 - ie go 4 49 56°33 12°78 
ae 5 4°00 0°79 | 4°79 ee ° 
» 21 | Polaris %9 sees hie — 4:42 | 2°78 sahas 57°30 | 2 38 45°70 7°16 
2 52°60 |— 2°29 | 50°31 50°go . , 
” 23 ” 9 —_ 54°00 t ae ooze 50 a 45 46 1o*r4 
; : "Ir | 60°51 O II 61° 
» —m |srCophet » | 7?" 30.60 |— 3:12 | $648 | Grvx0 | # 49 49°65 12°90 
172 8 57°80 |+ 2°53 | 60°33 | 347 19 15°50 
33 24 33 23 96°40 eee 3 99 | 92°41 a 49°47 9°86 
Mean of Eastern Elongations 350° 20’ 11°50 General Mean 350° 20’ 11°11 
9 | Western ’ » » 10""96 Probable Error tt 07°38 
LEITH HILL TOWER. 
Name and C ted |C ted C ted ‘ 
Date. Elongation of Reading of Star, Level Reading Reading of R. O. Azimuth of Star ieee: 


Star. 





1844 : 
Mar 6 | Polaris 


AB 8 3) 


Is. 


33 


3 


6 
56 
39 
84 


and Col". | of Star. 


f i" Oo i i? 

38 14°33 | The level 95 45 41°33 
21°33) was not 58°33 

39 9°33 read 78 37 46°33 
22°32 at this 66° 67 

50 7°33 Station. 


123 57 43°33 
25°33 62°00 


at Elongation. 


° t " 


° 


/ 


2 25 12°43 [221 32 44°43" 


13°23 
19°30 


1 Referring-object could not be observed for 1} hours after the star, owing to mist. 
* Morning cloudy, and mist about referring-object made the observation unsatisfactory. 


53°90" 


55°64 





OBSERVATIONS. 


LEITH HILL TOWER —continued. 


























* Referring-object very hazy. 





° : ° 2 i fing to mist. 
* Observation to the star taken at midnight. Referring-object not before six in the morning owing 


* Referring-object not observed for one hour after the star, owing to mist. 


* Referring-object very indistinct. 


Aa 


2 








. | Computed Resulting 
Ni d Computed Icorrected ; Vgce ° Ke 2.0, 
Date Elongation of Reading of Star. Level | Reading |) Reading of 2.0. eee Azimuth of 
Star. and Col". | of Star. 5 
oof & o fr 4&4 if 
18 oe eh ae | 81 47 24°00 26 "12 | 221 32 62°46 
March 24 |8 Urs. Min. E.| 45 4° ee ! 47°33 5 29 43 3 
; 19°00 . rt 
ic Bole ss age! : 574 oo | 5 26 42°96 51°13 
167 3 23°33 23°76 54°09 
) 30 | Polaris 121-29 ar 39°67 2 25 23°7 
149 21 24°33 | 5 26 42°80 53°30° 
» 31/2 Urs, Min, ,, | 13 15 47°00 41°67 | 5 7° 4 | 
6 149 21 23°33 25 24°36 47°03 
5 » | Polaris % AED ste aeeee 44°67 se ea 
70 20 59°00 106 27 21°33 | 5 26 42°64 58°30 
|} April 1138 Urs. Min. _,, 94°33 | 43°33 
67 19 58°33 106 27 26°33 | , 25 24°88 49°21 
» 99 | Polaris 9 80°67 | 41°33 
55 0 23°67 | gt 6 42°33 | 5 26 42-64 49°80 
‘ 218 Urs. Min. ,, 49°67 ! , 45°33 | 
: I 43°33 < 92°26 56°02 
9 »» | Polaris 99 5t 59 Pe 9 46° 33 2 25 25°3 
5 26° 4°33 | 5 26 42°48 57°55 
» 3 [8Urs. Min. ,, | 43 79 eae 79 cgay | eee a 
, 63 4 18°00} , re 49°49 
»  4|Polaris  ,,| 23 56 39°33 15°33 25 26°3 
. 2 24 32°93 6 42°32 51°40 
go 75 PU Ming. | 24° 98 22 87 34°67 | 5 26 42°3 | 
13t 2 18*50 |-+ 1°68 | 20°18 | 170 9 51°33 | 2 25 28-05 48°69 
6g 30 31700 j— 2°28 5 25°72 | 105 36 41°33 | . 56 41-88 53°04 
”? 9 8 Urs. Min. ” 44.°33 —12°70 31°63 At" 33 
66 29 9°33 |— 0°33 | 9°00 | 105 36 47°67 | , 25 29°35 62°43 
29 9 | Polaris 99 1r'00 |-+-+ ssi | 16°51 44°00 ; 
6 53 31°00 |— 5°99 | 25°01 | 86 0 43°67 29°75 49°69 
” 10 )? 2 49 53 ee + A4°I2 | 21°45 42°67 
6 13°67 |\— 0°36 | 13°31 | 73 43 33°67 30°31 57°63 
” Il 3 ” 3 3 co —12°60 4°40 38°07 8 
; 32, 15 4°00 |+ 3°49} 7°49] 68 21 18° 7 | 5 26 40°16 49°5 
»  161;8 Urs. Min. ,, 4°33 |+ 4°00! 8°33 16°00 
: 29 13 73°00 |— 5°99 | 67-01 | 68 21 26°67 | , 25 33°18 48°22 
» 17 | Polaris 99 54°33 |+ 5°58 | 5g*9t 10°33 
13 8 47°33 |—15°75 | 31°58 | 49 14 56°00 | . 26 39-84 55°83 
9 9 $ Urs. Min. 7) 37°67 — 4°22 33°45 41°00 
10 7 9°33 |— 1°36} 7°97) 49 14 36°67] , 25 34°14 52°28 
9 Ig Polaris ry i ee +10°0S8 17°4I ; 25°00 | 
169 9 28-00 |+ 060 | 28-60| 28 16 46°09 36°05 50°45 
» 23 29 19°67 + 8°27 | 27°94 39°33 
8 "33 |e onrs | 55°48 | 97 52 13°33 36°85 50°61 
” 25 ” ” eae 23-8 + 7°00 55°67 5°33 
I 21°67 |— 2°46 | 19°21 | 92 8 36:00 37°33 46°45 
» 26| 4 De acme ree Perey eg ge 24°33 
25 38 72°33 |—16°30 | 56°03 | 64 46 21°33 38°13 54°35 
» «28 ” 9 8°67 |-+ 3°85 | 62°52 9°67 
20 aoe 77 18 21°33 6°73 60°43 | 
Feb. 20 | Polaris w.| 33 17°33 18°33 





188 PRINCIPAL TRIANGULATION. 


LEITH HILL TOWER—continued. 





























| | | | 
Date. Elongation of | Reading of Star, “Level. Ses Reading of R.0. Aint of Sta pean a 
2 ° ro” i o pon oO 7 it " 

Mara 3 Polaris Ww. a9: ee | 1307 ee 2 25 11°23 o - 63°10! 

» St 4 Sea 66-67 | ae ee ee 53°98 

a a ks EE) ses) gee 

- of, [se Has ae ee 

rn rl eo ee sr) 56 

» 23] ec ae ew ae | 20°65 55°35 

OR  a0s: 3 ee | | | 37 4 2 : aie 54°63 

4. 200° & me eae ! 167 3 ae 23°53 | 49°30 

iG P : 105 22 ee | : 149 21 oe 2404 | 52°79 

3s. Gl r : 62 29 ey | : 106 27 ie 24°64 46°19 

April 1 . va|) 0 8 aac | gr 6 as 25°12 52°88 

» 3 D ie 2 33 ey | 63 4 pee 26°08 | 60°09 
af ew 258 abs 55505558] 6:56) serog 

» S51» Py eae = VE gees aay 51°64 

Pie w OR RE re eres eel 
Sof wo Ht ageg #889 / 85:29] 86 os Er] | 

s 26 & gal eee ie enn: eee 30°07 | st '20 
fs 8 SEES STEED gg) we) te 
|» 23 s @ | 52°00 a 9°94 61°94 | 29°33 36°25 P79 
paste of PRES ISBER| RE] ror sper 
$5 ee 

Mean of Eastern Elongations 221° 32! 52’°61 General Mean 221° 32’ 53%°17 
» Western __,, a. cage. GB Oe Probable Error + 0743 





7 Storm acting on axis light as well as on the light of the referring-object made the observation rather unsatisfactory. | 
§ Much motion. 


a or ee en ae is m 


1g eS ene a HI 7 


sae a ae 


de 
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LUNDY ISLAND. 



















Name and Com | 

; . omputed |Corrected Computed . 

Date. Elongation of Reading of Star. Level Reading | Reading of R.O. | Azimuth of Star A eae O 
Star, | and Col". | of Star. | at Elongation. OD Eee 





Or 9a Sg 








1845: o g , ° é U oO roa. oO rf 4 
: "30 |— 3°32 102 i fe) 
Seb 8) Polaris | 9° 4 Forge [e238 | 9°28 | G00 | 2 24 36°49 1 194 25 68or 
March 61 37 9°70 |+ 1°56] 11°26 | 73 38 24°40 7 
prada 2 os ae — 7°88 | 6°22 34°60 44°87 Bons 
) §'00 j— 1°2 2 58 37° ! 
” 12 |3 Urs. Min. ,, 143 59 460 ie. ae sak t92 5 ae 5 26 30°10 66:02 | 
104. 46 62°00 |-+-10°00 | 72°00 | 113 46 40°20 ne 
” 15 %s ‘5 ae 79°50 |— s*22 | 74°28 51°80 30°29 63°15 
178 28 23°10 [-+ 2°17 | 25°27 7 27 S5°16 
bP 21 ” 2? ; ue + 797 13 a7 : 54 3° 30 61 65 99 
r 32 59 94°90 j— 5°93 | 59°0 41 50 42°00 . Le 
April 6 how Been aisor |} Gora eee 29°14 64°95 
29 23 27°00 |\— g*7r |! 17°2 I 58 44°00 
+ 29 A ” Pi 10°go geshe see 4 > 34. 50 I 590 44. 64 | 63 37 

; Polari 29 57 37°70 |\—10'°37 | 27°33 | 41 58 41°10 

; 7 | Polaris ‘3 3T's0 4 2°91 34°al 37°00 2 24 58°28 66°46 
‘|March 12 | Polaris w.| 136 7 46°00 - 1°76 524, | B52 8 3h 0 45°59 61°31 

P 52°20 |— 2°84 | 49°36 F 20 ene 
99 55 56°90 [+ 2°11 | 5g’or | 113 46 41°20 = . 

” 14 ” ” gree [2 44d. | $876 45°80 46°55 64 06 
Avr’ 25 6 60°70 |— 0°69 | Goror | 41 58 41°40 ; ae 
April 6 ” ? 55°70 ibid 66°61 38°40 58 O4 98°55 | 
SRE ee a eee eee ae eens eee ee 

Mean of Eastern Elongations 194° 26’ 5”°56 . General Mean 194° 26’ 4”'99 
9 
» Western ag yy. 2°65 Probable Error “023 





1 Rejected in the mean. 


MORDINGTON. 


Name and Computed | Corrected Computed Resulting 


Date. Elongation of Reading of Star. Level | Reading | Reading of R.O. | Azimuth of Star j 
cae and Col®, of Star, at Elongation. Azimuth of R.O. 





” Oo tf ou re) ion 


1846 : re 6 6: 8 see . | 
March 8 | Polaris ie rer ma 6-69 ee 74 133 ee 2 40 59°72 | 148 27 45°97 
5 It 53°20 |— 4°39 | 48°81 | 57 35 13°20 ; 
» 12 {8Urs.Min. ,, | ? gone 4 3°52 63°62 16°85 6 4 19'2I 38°02 | 
: 61 0 87°50 |~— 8°68 | 78°82 | 27 25 64°50 ; ; 
ad 20 {A ” ”? 46°40 -+ 38°02 84°42 72 2 3 git 41°94 
65 2 56°80 |—20°9g1 | 35°89 5°50 8°16 
m5 /P ww | Sse eases | sense] gage 6 4 te2BL 3% 
” » | A . ; IT 45°40 |—19°97 | 25°53 5°25 . 36°44 | 
+b 33 re) 49°60 +-37°55 27°X5 41°40 2 3 9 45 | 
» sy | Polaris Gt 38 93°20 |—11°98 | 81-22 63°40 | 2 40 67°20 39°43 
oe 45°50 |-+33°47 | 78°97 41°25 
» 24 /8Urs.Min, , | 25 47 36°80 |— 9°40 | 27°40 | 168 10 45°55 16 4 20°28 40°59 


14°80 I+ 8°54 | 23°34 45°80 


Igo 


Date. 


1846: 


| Mar. 


3 


33 


TI 
12 
14 


21 





PRINCIPAL TRIANGULATION. 


MORDINGTON—continued. 








Name and Computed corrected 
Elongation of Reading of Star. Level | Reading 
Star. and Col", | of Star. 
86 26 34 6-18 | 29°8 

: 26 34°00 |— 6°18 | 27°82 
Polaris W. 23°30 |4+- 6°79 | 30°09 
: 14 59°79 i 3°99 | 55°71 

51 Cephei _,, 4 14 oo |+ 5°84 | 61°84 
6 4 73°60 |\— 6°28 | 67°32 
Polaris sol 33°90 |+15°00 | 48°90 


sr Cophei ,, | 54 5 48°40 8°33 | 40°07 
Polaris - 


51 Cephei _,, 


yo 3 27°60 + 6°70 36°30 
Polis’ oh 1 Pe eae ee 


44°90 |+15°38 | 60°28 

169 16 39°50 |— 1°93 | 37°57 

. ‘ 29°40 |+- 7°34 | 36°74 
32 4 60°20 |— 3°31 | 56°89 

7 ” 56°80 |+- 4°29 | 61°09 
115 26 46°00 |+ 3°59 | 49°59 

93 ” 61°50 — 2°49 | 59°01 








Reading of R.O. oe Fe ay 
Of dee 2 oR ee me 
57 35 1475 | 2 go 61-05 | 148 27 46°07 
PE? eee | ag G73 38°92 
ty %3 ae 2 40 62°48 40rd | 
SD At oe | Aga 30-97 38°90 
27 25 oe 2 40 66°93 42°86 
a oe 4 52 36°69 40°77 | 
168 10 ie 452 36°73 35°07 | 
168 10 ae 2 40 68°53 37°00 
140 25 ee 69°60 41°62 
213 49:35 70°14 40°02 | 
SEE] reo] 66 











Mean of Eastern Elongations 148° 27’ 40°08 


Mean of Eastern Elongations 84° 55’ 45°58 
Western as » » 48°80 





Gencral Mean 148° 27’ 407°51 





es Western ‘s Sy a0 O80 Probable Error  O'° 51 
MORMONTH. 
Name and Compnited Corrected Computed ; 
Date. Hlongation of | Reading of Star. ute. Mending Reading of R.O. oe eae 
1847 : 2 48 33°67 os ae | oo ee ee oO ron 
Feb. 25 | Polaris EE. 60°67 pe) ee 84. 56 a 248 14°10 | 84 55 44°29 
P 27 7 » | 129 20 na ie be 39°82 211 28 fe 15°22 46°70 
Mar. 19 - », | 15° 57 es = Ee oe 233 4 es 26-05 ass 
3 18 | Polaris W ae ge aa es Bie ie 334 ae 25°77 48°34 
ae) a ae 2 geen ee = Paige * ee 26°33 47°29 | 
rot [MRS EER EST) rer] sor] 


General Mean 84° 55’ 49”+19 


Probable Error z 07°56 


oe 


fats ia ¥. 


WF 


beta Mae Spee CS ee ae Bee ve hy 


bere we oto 


ene Ge te cee tag ttn eng 


wine egy GER a Tk 


OBSERVATIONS. Ig! 


MOUNT BATTOCK. 








Name and | Computed corrected Computed ; 
Date. Elongation of Reading of Star. | evel | Reading | Reading of R.O. |Azimuth of Star| Resulting 
Star, and Col", | of Star. at Elongation, | Azimuth of 2.0. 








Oo / " " oO ' i 


1847: 





























| oF 
| M. in. B, | 40 53 39°00 |— 4772 | 34°28 | 97 16 5°83 es . 
jMay 301A Urs. Min. E. 64°33 |—10°1 ! 54°17 : 850 2 6 28°62 |238 28 50°56 
” ” 4¥ 33 13°33 (+127 | 24°00 | 97 1 "00 : ; 
: Polaris Hes —I6'or | 29°99 : L719 246 3°48 47°77 
139 43 55°00 |-+14°29 | Og'29 | 15 26 51°33 | | 
June 1] ,, ‘i ere aleve tary Grey | 2 46 4°03 40°71 
ee 12 5° 13" 8 I 
” 2/4 Urs. Min. ,, a2 Hee a ee 49 + 4 73 2 . 2 6 27°81 43°69 
a 128 30 20°00 |+ 5° an 13. 6° 
” » | Polaris ” 3 41°67 = 33°83 2387 4 "15°83 246 4°21 48°71 
72 4 2°33 |-+16°72 | 19°05 | 127 46 56+1 ' 
” 390 ” 9 : 12°33 +1382 26 15 y aie 6°82 44°39 
45 20 40°33 [+ 3°¢5 | 51°38 | or II 33°00 : SAGs 
‘June 29 | Polaris W. 37 58°33 a e | 56°60 | 127 46 50°81 6°82 413i 
ae. g - ef cae | 74°43 56 a: 
es 9°44 | Of°Ir | 113 17 50°4 . : 
ye 30 9 » 80°33 |—14°06 | 66°27 61°48 6°82 43°97 
Jul 39 59 30°00 |-+ 5°gI | 35°91 | IOI II 20°9 7 : | 
i ’ 56°33 |—13°16 | 43.17 27°98 °77 38°37 
? 2 . 7 22 14 24°33 |—17°17 7°16 83 28 68°31 6-63 41°66 
5°67 |+ g:2r | 14°88 50°31 7 
SP rr i nro 
Mean of Eastern Elongations 238° 28’ 45"*96 General Mean 238° 28’ 44"+26 
‘5 Western —_;,, Sis: op. AE ZO Probable Error + 0" °'72 
MOWCOPT. 
ee I eT ee ae ee 
Name and Computed |Corrected Computed Aint 
Date. Elongation of Reading of Star, Level | Reading | Reading of R.O. {Azimuth of Star Resulting 
Star. and Col", | of Star. at Elongation. | Azimuth of EO: 
1851; oO f uw ©) f ” ce] t “ fo) U " 
April 10 {3Urs.Min. E.) 42 13 16°17 |+10°o1 | 26°18 | 137 9 36°98 | 5 40 51°43 | 280 36 62°23 
» IS | os » | 67 49 50°67 |—12°25 | 38-42 | 162 45 50°67 | 5 40 50°00 62°25 
» I8{A 4 | 160 1 53°67 |—r110g | 42°58 | 78 44 41°87 | 1 54 2°56 61°85 
» 21/8 4, » | 158 § 26°00 [+ 2°51 | 28°51 | 73 «1 38°25 | 5 40 49°15 58°89 
» 99 {Ay » | 154 18 28°67 |+12°44 | 4retr | 73 1 37°88) 1 54 2°64 59°41 
» 2518 5 » | 97 42 24°17 | 1°37 | 25°54 | 12 38 36°13 | 5 40 48-14 58°73 
» 26), 5, » | 69 50 58°33 |—13°49 | 44°84 | 164 47 6°54 47°43 69°13 
May 1], » | 113 5 1817 |—17°34 | 0°83 | 28 1 22°33 46°14 67°64 | 
, 31» | 90 17 60°33 |— 4°53] 55°80} 5 14 O71 45°51 59°42 
” » |A yg, » | 86 31 10°33 |-+ 2°05 | 12°38 5 14 9°54 /1 54 1°71 58°87 
» 3/3 ,, » | 19 31 56°00 [+ 2°05 | 58°05 | 114 28 18°37 | 5 40 41°49 61°81 
ae » | 15 45 12°67 |-+ 0°84 | 13°51 | 114 28 19°33 | 1 53 59°89 65°71 
” » jos, » | 160 15 56°67 |— 3°76 | 52°91 | 75 12 12°62 | 5 40 41°12 60°33 
i a » | 125 32 50°17 1+ 6°16 | 56°33 | 44 16 7°09! 1 53 59°65 To at 


192 : PRINCIPAL TRIANGULATION. 


MOWCOPT—continued. 


Name and Computed |Corrected Computed 
Date. Elongation of Reading of Star. Level | Reading | Reading of R.0. caine of Star} 4 
Star, and Col". | of Star. at Elongation. 


Resulting 
imuth of R.O. 


1851: " roo oO Ff sn o tf w 


ie) ' ° 
April 18 | 51 Cephei W.| 153 33 22°17 |-+ 2°91 | 25°08 | 78 44 45°29 | 4 
%) » | 58 35 51°83 |— 6°70 | 45213 | 163 46 55°33 
» | 147 50 27°33 j— 3°73 | 23°60 I 37° 59°84 


87 27 13°00 |-+ 3°00 | 16°00 : . 64°52 

, 59 35 51°00 |— 6°52 | 44°48 OF. 67°57 
May 102 50 2°83 \— 3°46] 0°63 67°08 
0 9 16 57°67 c 4°21 | 61°88 , 54°53 


Mean of Eastern Elongations 280° 37’ 27°66 General Mean 280° 37’ 2”*55 
», Western be ee. sae BSS Probable Error t& 0°63 























PRECELLY. 
Date. Slongation of Reading of Star. eae Ciealae Reading of R.O. Macaner eas Resulting 
Btar, and Col". | of-Star. at Blongation. Azimuth of R.0. 
1843: 63 Ps tt ° 6 PY P oO f 4 ° ton | 
A * aes ry . I I * 
May 29 | Polaris E. |? ees ny ee 7°39 97 3 foes 2 28 47°45 | 211 58 42°68 
, : 18°72 | 152 30 II° 
June 11 “ . 123 0 15°40 |r 373? 7 283 races 49°45 43°81? 
8 37 49°70 |-+ 2°86 | 52°56) 78 7 49°73 | 
» 16 ms ss 4° 37 as ba — 2°54. | 53°56 55°23 50°10 49°52 
: 24 1 56°40 |-+ 4°24 | 60°64 | 53 31 56°13 
” 3 ”? ” 63 00 |j— 5°51 | 57°49 3 63°13 50 10 50°67 
162 24 28°70 |-+12°59 | 41°29 | 181 54 22°2 | 
” 24 ” ” ; “ 44°40 —10°36 34°04 ae Sager 50°I0 43°11 
| 152 24 30°00 I++ 4°47 | 34°47 | 181 54 22°8 
x =—25 2) Oe cae 46°40 Fae ae “ ae ee 44°55 
29 10 33°50 [-++ 8°04 | 41°84 8 Ao 24°8 
” 26 ” 33 46°30 fi 7°72 38°58 5 4 oe 50°10 39°87 
135 21 41°00 I°4t | 42°41 | 164 51 37°8 
99 28 ” » 6 4 "80 i— 4°13 42 67 + 5 ae 50°14 47°78 | 
_| 133 59 30°40 |—- 2°14 | 28°26 | 168 23 62°50 
7 29 ” ” 7° 38 39°10 |-+ 8°02 47°12 | 105 6 12 507]. . “A002 
53°90 |— 9°46 44°44 21°60 47°37 43°90 
Tine 27% » | 43 39 69°40 |—rr°16 | 58-24 | 78 7 56:80 Beare ox 
diy at 79°70 + 3°32 | 83°02 52°50 3 53°93 
: 26 61°00 |~ 7° Te) I *20 
33 26 ” | 3) 7 93 53 7 54 1 . 50° 10 47°94" 
Mean of Eastern Elongations 211° 58’ 45°25 General Mean 211° 58’ 46”: 38 7 
5, Western owe OO Probable Error + O's 
? Collimation error inferred. * Much motion in referring-object. 


ag 
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SOUTH LOPHAM TOWER. 




















Mean of Eastern Elongations 190° 11’ 17°38 


= Western es - 


3°° 33 


Bb 


General Mean 1go° rr’ 2”°68 
Probable Error 


ao 39 





Date. Blongstion of Reading of Star, ae Garret Reading of R.0. Azimuth of Star pe a 
tar, and Col". | of Star. at Elongation. 

ae ras —a re 

ov. 26 | Polaris g.| 25 © eee ree yee 3? TT ee 2 28 41°64 | 190 10 63°87 | 
» 27)» ol Se ee ee ee 4i°t5 62°48 
» sol mn om | 249 ST E78 | dpr4s | te 3x Borgo soa | Gorge | 
Dec. 5 ‘3 ” gee 22 oe rer ae 336 9 “840 37°71 66°05 | 
» 8h wm» [887 6 Giro abnor | azrgs | 04 80 eo | span] pe 
- ee edie et | oe 56°38 
ed BS na deed ae 
Nov, 26) Urs. Min. W.| 7° 44 ie ioe ee = 48 ao 1 52 57°06 63°87 
» —» |Rolaris J 29 F 50708 | 28s | Genes | 37 4° $8740 | 2 28 gr-go 56°29. 
3 27 were Min. ,, 14 39 eee ee: a) a0 45 eee I 52 57°27 55°27 
Dec. 4 | Polaris ~ jea8o oF sb es 7 ait ee 35% 34 ee 2 28 37°95 65°44 
3 » | Urs. Min. ,, g49 3° ee rs ae 352 34 ns I 52 58°76 58°75 
. se oe ae a ee oe 336 eee 5 34 51°53 70°O7 
nr eee Gade Seared ed 
‘ , | Polaris » | 78 28 B40 Rea Se 336 8 se 2 28 37°46 61°96. 
.; 61/3 Ura. Min. ,, | 3°9 7? ee ree ee 324 58 oes 5 34. 52°02 66°18 
,» | Polaris Oe 8 ae eee oan 324 58 Fke 2 28 37°02 61°45 
» Hie a PS ae (en 65°79 
x wo, & se here ee Aas roe Fee as aoe 32°59 67°44 
1 at] gy [286-48 37-00 grad | 2er72 | 289 25 8040) gars] G55 
Se) ao 2) dd 


ne rear sii ep SS he Ss =U sa Sf Se = SS 
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Date. 


1846 : 


April. 20 ; 8 Urs. Min. E, 


” . 28 


¥ 5 | a Urs, Min. 


May 7 
. 8 
3 > 
+ Bd + 
9 10 
3 id 
33 Pd 
s TI 
99 39 
” 14. 
” 15 
3? ) 
7 ” 
» 18 
+P 2 
9 21 
” 33 
’ 29 
a 33 

April 20 

~9) 

May 8 
; fe) 
‘ II 
1 15 





‘ 


Name and 


Elongation of 


Star, 


+B | 


Polaris 
® Urs, Min, 
A ” 
Polaris 
8 Urs, Min. 
A ”? 
Polaris 


6 Urs, Min. 


Polaris 
8 Urs. Min. 
A ” 


”? 


Polaris 


a Urs. Min. 


Polaris 


51 Cephei 





PRINCIPAL TRIANGULATION. 

















WORDESLOW. 
C | 
omputed Corrected 
Reading of Star. Level | Reading 
and Col", | of Star. 
o ! td 

159 37 48°40 |—13°06 | 35°34 
57°40 |-+- 2°11 | 59°5! 
125 22 ..7°00 |-+-15°62 | 22°62 
35°00 |— 8°00 | 27°00 
I2I 27 0°20 {-+-10°37 | 10°57 
25°00 |— 7°89 | I7°I! 
76 1 20°80 |—16°28 , 4°52 
1120 P3879: 124° 99 
67 21 64°80 |— 2°08 | 62°72 
59°20 |-+-13°98-| 73°18 
63 26 53°00 |— 5°65 | 47°35 
45°40 |-+15°13 | 60°53 
64 4 37°40 ,—26-12 ; 11°28 
14°20 |-+ 10°24 | 24°44 
63 21 53°80 |-+ 3°13 1 56°93 
59°40 |+ 7°34 | 66°74 
59 26 48°00 |— 0°77 | 47°23 
47°60 |--10°13 | 57°73 
Go 4 11°00 j-+11'°58 | 22°58 
14°80 (--15°78 | 30°58 
55 25 41°20 [+ 1°87 | 43°07 
61°60 |— 2°11 | 59°49 
5% 39 35°00 |-+- 2°93 | 37°93 
51°00 |— 4°46 | 46°54 
53 10 58°60 |+12°40 | 71°00 
84°20 |— 4.°g0 | 79°30 
50 33 46°00 j+10°19 | 56°19 
56°20 |+- o'05 | 56°25 
46 38 29°20 |4+r0'ol | 39°21 
51°40 |— 0°30 | 51°10 
47 16 5°20 ;+ 8°80 | 14°00 
oe a ot 
8 40 51°60 |+17°53 | 99°13 
4° 88.80 |— 2-18 | 66-62 
44. 45 35°20 ;-+12°06 | 47°26 
67+40 [11°59 ) 55°8t 
22 1 57°20 |+ 8°74 | 65-94 
76°60 in 5°00 | 71°54 
22 39 27°00 + 7°50 | 34°50 
58°60 '— 4°79 | 53°81 
341 58 56°80 9°03 65°83 
82°40 — 3°17 | 79°23 
342 36 47°00 +b 6°64 | 53°64 
62°40 — 2°62 , 59°78 
328 56 50°20 — o-71 . 4Q"49 
36°40 — 1°30 | 35°I0 
II4 4I 5°20 +13:°58 | 18°78 
“- -Ig*Go — 1°82) 17°98. 
56 40 52°60 — 5:05 47°55 
38°80 +16°34 | 55°14 
52 40 38°20 |+ 2°49 40°69 
48°20 :+10'09 , 58°29 
44 44 36°40 i+ 3°04 | -39°44. 
46°20 |— 0°55 : 45°05 
39 52 35°20 + 8°35 | 43°55 
44°00 ;+ 1°62 | 46°22 


Mean of Eastern Elongations 57° 51’ 18”°53 
e Western ; 


3? 


16”°28 


General Mean 57° 51’ 18”-o¢ 
ar o”*45 


Probable Error 


Computed 
at Elongation. 


f it 


wn 


14°53 


2 37 39°97 
5 55 24°60 


14°07 


2 37 40°83 
5 55 24°22 
2 0 13°93 
5 55 22°88 
5 55 22°35 
2 0 13°04 
2 37 42°75 
5 55 21°08 


48°30 


55 32°Or 
5 55 29°28 
2 9 15°93 
2 37 39°52 
5 55 25°62 


Oo 


85  t eey aoe 





Reading of R.O. | Azimuth of Star Paces 


uth of R.O. 


i ff 


57 5 16°73 


18°42 
17°08 
24°11 | 
18-92 
23°25 
21°66 
16°22 | 
18°44 
14°95, 
20°09 | 
16°80 | 
r5-44 
a1 73" 
14°93 
18°63 | 
15°50 
24°55 
20°36 
17°32 
21°36 | 
21°12 | 


10°87 


. 2A 35 


23°34 

17°92 
"18 3z 

12°87 | 


omer 


OBSERVATIONS. 195 









































WROTHAM. 
ae Name and Computed Cort ted Com a | | : 
_ Dates. Elongation of Reading of Star. Level, erected Reading of R.O. Azimuth of Star Pers ay 
Star, | ang Col. | of Star. ' at Elongation. 
_—_——__-—__-— j 
1844 : | a ' Pi | oO fo” o Ff Ww o tr & 
Jul | is: 3 | 102 50 07°00 |—13°00 | 54°00 | 75 21 39°33 / , ‘ -O2! 
y 29; Polaris E. 206 12°18 basse b) ere 26 12°44 |274 56 40°02 | 
Aug. 035 g'co — o715 | 8°85) 93 5 46-00 ee . aesear 
4 ” ” 16°67 |4 3°28 19°95 37°33 10°32 | 37°59 
» 9 87 28 39°67 |— 5°91 | 33°76 | 179 59 6°67 - 56 yen4t 
” 9 44°67 ore 5°45 Nes : 2°67 9 3 
I 17 10°00 |—~ 3°0 "92 | I : . eee | 
33 8 ”? ” 7 3°33 —'3+06 0°27 ? af ee 9 a Le aa 
I7O I 40'0O |—I4°13 | 25°87 8s 21 70° | 
en t2-00 [47°78 | 29°78 | age ge B31] 39°32 | 
148 5 36°33 (— 2°94 | 33°39 | 60 36 15-00 963 
se 13 2 ” 36°00 + 2°27 | g8°21 6:00 7°16 41°863 
179 55 17°00 '— 2°48 | 14°52. 92 25 57°33 : ; 
” 17 ” ” 18°00 + 9°18 | a | 2 45°00 5 56 35°88 
18 59 31°00 |— 4+52 | 26°48 | 111 29 68°00 oe ' 
” 23 9 ” 31°67 + 1°61 33°28 | 57 ee 2°97 35°39 
, 28 = 147 31 55°33 + 6°26 | 61°59 | Go 2 35°67 yeas 
- 4 ; 75°00 —To 2 | 64°58 38°00 0°47 34°22 
2 135 56 35°33 |-+ 4°42 | 39°75 | 48 27 11°00 ; . 
oe 46°67 - 7°23 | 39°44 10°67 — pee 
‘4 y| 107 © 61°67 |— 6°54 , 55°13 | 24 23 46°67 ve , 
» 201 Polaris W, | 52°00 + 8-84 | bo84 ey 4°07 38.45 
158 50 20°67 — 1°05 | 19°62} 76 13 3°67 . ; 
» 23 ” ” 0°67 — 7°19 | 23°48 0*67 2°63 - 37°99 
142 40 17°00 |+ 2°40 | 19°40 | 60 2 51°00 ; ne 
ea ” ” 29°33 1738 12°15 54.°00 one 36°49 | 
Mean of Eastern Elongations 274° 56’ 37”°46 General Mean 274° 56’ 37""50 
» Western a3 So. ane 7 Od: Probable Error + 0”*52 
1 One of the level readings altered ro divisions. 
? Level observations made before the star was commenced, 
> Referring-object not observed for half an hour after the star. 
* One of the cross levels altered East for West. 
YORK MINSTER. 
Name and | | Computed Garesies | Computed Resulting 
Date. Elongation of Reading of Star, Level | Reading | Reading of R.O. | Azimuth of Star} azimuth of 1.0. 
Star. and Col", ; of Star. | at Elongation. 
| 
1846: | oO tf 4M . 9 , | ° g 6 oO rf 4 oO or & 
an. +) T| ILZ 29 29°00 |-+16°33 | 40°13 192 40°50 20° 2 . 
Jan 5 | 8 Urs. Min. E. | 47°40 |-+ 6°99 | 54°39 | 35°60 | 5 47 30°36.|260 26 20°15 | 
Feb. | QO 4f 33°00 |— 7'IE | 25°89 ; 165 20 I5*go : ; 
Cc 9 | » ” 29 é 55°80 —Ir'09 | 44°71 | 27°00 48 44 34 59 
9 I 0 25 28°80 |-+ 5°61 | 34°41 155 4 II‘IO : eget 
I ” ” 59°20 —26°44 Ba°96 19°30 49 34 3° 95 
» 4] ,, 48 30 43°40 |— 6°43 | 36°97 | 123 9 22°00 50°54 28°66 
4 af Gr°4o |[— gti | 52°29 23°50 





1 Clouded over for several minutes, 


Bb 2 





33 


33 


3 


Computed 


unu 


th 


Reading of R.O. | Azimuth of Star psa 


at Elongation. 


of R.0, 


a a Te eee 


° ! 
IOI 45 38°30 


i 


“. Mean of Eastern Elongations 260° 26’ 28”*59 
Western 


4. 20° LS 


196 PRINCIPAL TRIANGULATION. 
YORK MINSTER—continued. 
Name and Computed {Corrected 
Date. Elongation of Reading of Star. Level | Reading 
Star. and Col", | of Star. 
1} 1845: ana . 
|Dec. 9 | Urs. Min. w.] 79 7? ee ae £6.23 
| F 12 57°60 |+ 7°62 | 65°22 
7 wee Polaris m 4 44 Brtoo Cees 73°80 
Tar 403 113 51 8:00 |— 1°78 | 6°22 
pee ae » 19°00 j-+18°55 | 37°55 
| 10g 8 29°40 |-+-18°13 | 47°53 
” 4 ” 9 51°00 |—16'g99 | 34°01 
: 07 2 8°20 16° 24° 
5 |51 Cephei _,, a 9'20 nate jee 
: 179 25 28°60 |-+12°2 0°8 
” 27 | Polaris ghee 5 75°00 ae: Scie 
9 166 29 26°80 |+12°09 | 38°89 
bb ) 2 3 +} 73°00 —17°o! 55°99 
; 164 23 15°20 |+20°60 *80 
» 29/51 Cephei _,, ne eeice —21°98 ate: 
: 103 35 53°00 |— 2°58 | co-an 
Feb. 7 | Polaris %9 3 3 86°20 |—rr - ee 
9 82 20 7°00 |— 2:09 | 4'gt 
2 3 ” ; 30°20 |— 9°26 | 20°94 
: O 14 12°20 |— 2° : 
” 9} 51 Cephei ,, a 30°Co |— pe 26-89 
$ 75 41 50°40 |—16°20 | 34°20 
” » | Polaris ” 65°40 |— 8 ‘69 56°71 
10 72 3 58°40 |-+10°94 | 69°34 
” ” uy 81°00 | 2°79 | 78°21 
11 67 27 9°80 |-+15°32 | 25°12 
9 ” 9 50°00 |—15°I0 34°90 
64.17 57°20 |-+18°02 | 75°22 
> 12 3 ? 95°20 —16°19 79°O! 
40 9 17°60 |— 4°82 12°78 
” 13 ” ” 24°00 |— 4°Or a ge 
‘ 8 15°60 |— 4°71 | 10°99 
- 14 {51 Cephei _,, oo oe oe o |— 4°or | 29°59 


26°70 

207 45 13°00 
5°10 

196 51 31°80 
14°30 

192 8 40°70 
337° 

192 8 45°30 
33°7° 

262 25 46°20 
49°40 

69 29 38°90 
43°40 

249 29 40°80 
. 45°30 

186 36 0°30 
9°80 

165 20 12°00 
23°70 

165 20 18°I0 
25°90 

158 41 53°50 
59°80 

155 4 11°10 
18°30 

150 27 26°50 
: 36°70 
147 18 14°70 
27°80 

123. 9 Ig'Io 
19°50 

123° 9 23°00 
26°50 


Gencral Mean 260° 26’ 26”°63 
Probable Error 


* ejected in mean, 


6 i dd 


Q 


? 


it 


I 56 Sr°1r | 260 26 23°06 


2 


4 


2 


2 


4. 


2 


4 


33 33°51 
33°17 
32°83 

39 55°82 

33 33°17 

33 33°34 

39 43°43 

33 35°34 

33 35°68 

39 38°27 


33 35°98. 


36°19 
36°53 
36°37 
37°21 
39 36°78 


+ “o''5s 


26°03 | 
27°99 
23°60. 
9°gi"| 
24°09 | 
20°37 | 
25°21 | 
27°27 

29°25 

25°73 


' 35°22 


24°73 | 
25°06 | 
27°27 
25°71 
27°73 


a 


aah 0 get TEE oc Ti eek 
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OBSERVATIONS. 1907 


RESULTS OF AZIMUTHAL OBSERVATIONS 


AT 


STATIONS NOT INCLUDED AMONGST TITE. FOREGOING. 





Probable 


Name. Azimuth of R.O. No. of Obs. 


Range. 








Error. 

Ye 

Arbury Hill 185 " 6066 I o5+I U1 
{Bardon Hill «= . 213 Pi eae 28 oe ay: 
Brandon - oo 126 15 11-35 A2 29°52. 0:66 
Bunwell Tower . . 183 20 28.23 16 21°70 1-08 
Clifton Beacon - 21 34 22°58 20 18-45 0-82 
Corryhabbie 204 40 1°59 17 16-52, 0-82 
Cradle s 8 8 6 130 50 37°59 8 14°70 T-O4 
Ditchlng . . . 244. 23 10-05 10-04. 0-76 
Docking Tower 40 47 21-26 4 8-10 0:70 
Epping Poorhouse. . 342 29 56°23 14 12°20 0-59 
| Frittenfield - 231 8 35+44 6 1O*41 0-95 
Goonhilly + + + + | 342 54 35-14 4 8-47. 0:73 
Happisburgh «+ + - 14} 27 39:70 Il 16-10 1:05 
Hensbarrow + «+ ; 78 25 49-82 17 25°12 1-15 
| Inkpen Beacon: 319 9 45-78 8 12°78, I-O1 
Laxfield Tower 145 54 34:09 14. 22097 1:05 
Lumsden I44 53 59°95 8 15°76 0-84 
Mendip - Il4 54 24°91 14. 14°73 0-78 
| Merrick - 71 27 66-48 13 31°59 I-50 
Orford Castle - 68 49 23-65 § 7°98 0-72 
Paracombe’ - vo 87 45 11-24 7 6-76 0-50 
Pertinny - Bl 21 43-70 8 13-09 0:93 
| Ryders Hill 310 0 36-12 8 11-89 0-87 
Sayrs Law + | IZ 50 21-61 II 12°35 0-74 
| Scournalapich - 351 58 35-14 5 5°79 0-61 
| Slicve Donard . 130 5 23:07 2.2 24°59 1-46 
Stoke Tower 27% 34 28-67 13 18-75 I-12 
Tharfield . 11I 38 39-58 13 16-78 0-85 
| Lofts Tower se 273 35 14:96 17 18-59 0-75 
Walpole, St. Peter’s - 194. 47 31-Q1 6 5°25 0-49 
Wingreen ee 85 58 44:34 18 15°86 O72 





Date. 





| 1802 
1804, 
1809 

| 1803 

1 1806 

| 1806 

} 1813 

] 1813 

1817 

|} 1836 
1842 

| 1842 

1843 

1843 

| 1843 

1843 

| 1843 

1843 

1844. 

| 1844 

1845 


1845, 


| 1845 
1845 
1846 
1846 
18.16 


PRINCIPAL ‘TRIANGULATION. 


RESULTS OF OBSERVATIONS 


MADE WITH THE ZENITH-SECTORS, 


FOR THE 


LATITUDES OF VARIOUS POINTS IN THE TRIANGULATION.t+ 


; Stations, 


Greenwich + > 
Dunnose! « + 
Clifton Beacon - 
Arbury Mill 
Delamere 
Burleigh Moor - 
Kellie Law » 
Cowhythe 
Balta « 
Greenwich? - 
South Bernle 
Black Down 
Precelly - 
Forth Mountain 
Hungry Hill 
TFeaghmaan + 


Tawnaghmore - 


South End of L. FF. Base 


Monach - 

Ben Hutie - 
Hensbarrow 
South Berule® - 
Ben Lomond 
Ben LHeynish 
Week Down 
Dunnose: «+ »° 


Boniface Down 


s 





* 


* 


Latitudes Direct. 


50 





/ 


28 
37 


35 
37 





38-52 

6-99 
30°44 
29°13 
18+47 
19°45 
59°33 

9°47 

1+59 
39°39 
56-85 

8:90 
46-06 
57°84. 
10-23 
92°85 
41-56 
38-48 
20°44 

6-44, 

I-15 
55°38 
26-41 
16-86 
5119 

6-98 


| No. of 
Obs. 








2:52 39 £043 | 352 


cape ny ae shy PP Pe A GE yy aN Sh AP 


tn a 


Latitudes Inferred. 


51 28 38-30 


Amplitudes, 








° / ‘4 





© 51 31-38 : 5°37 6:72 
I 58 51°94) 53 27 30:24 : 
© 44 49°05 | 52 13 27°35 | 
I 44 40-29 | 53 13 18-59 
3 5 41:45 | 54°34 19°75 
— = 156. 14, 50-33 | 

1 26 18-94 | 57°41 9°27 | 
4 30 11°37 | 60 45 I-70 
3 14 TO*12, | 54 
© 13 37°79 | 50 41 8-89 | 
tT 1 59°59} 51 56 46027 | 
I 24. 11-23! 52 18 57°92 | 
© 46 23-58 : 5I AI 10-26 | 
T 0 36-17 51 55 22-85 | 
3 22 5466 | 54 17 41-34. 
7 5206155 % 38-74 | 

26 34°16 | 58 21 20-84 : 
38 19-79 58 33 6-47 | 
31 45°55 | 50.23 113 
14 9°31 ' 54 8 55+26 
16 39°59 | 56 11 26-27 
32 30:20| 56 27 16-88 | 
18 55°26 | 50 35 51-42 
17 39°53) 5° 37) 7°35 
18 36-13 | 50 36 10-55 


iad 
ee 


0 Oo oO MN aA Ww ON N 


1 The point observed from in 1802 was 6°5 feet south of that observed from in 1836. 
? The point observed from in 1836 was §0 feet north of the mural circles, 
2 The point observed from in 1845 was 74 feet south of that observed from in 1842. 


Instrument. 





Ramsden’g 
Zenith-Sector. 


33 


3} 


33 


33 


33 


- 39 


33 


3) 


B 


33 


33 





33 


§ 56-80 Aary sZenuh Sector. 
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RESULTS or Zentru-SECTOR OBSERVATIONS—continued 








| 

































\ 








Date. : Stations, Latitudes Direct. ad «Amplitudes, Latitudes Inferred. Instrument. 

— | a in 

5 oO 4 wf oO 4 «uw | Oo ¢« 4 

18.46 Port Valley * ee 50 35 45-61 | 407 oO 19 1°16 . 50 35 45°52 Airy’sZenithSector. 
1846 | Saxavord + « + «| 60 49 38-83 | 563) 9 54 51-90 60 49 38-58 99 
1847 | Gerth of Seaw- + -| 60 48 56-24 | 576 | 9 54 9°75 | 60 48 56-43 ’ : 
1847 Balta- + + + + +|6045 1:68| 730] 9 50 15:07|60 45 I-78 99 ' 
1847 |Cowhythe - + + +157 41 9-58] 638 | 6 46 22-65! 57 41 9-33 ” 29 
1844 | Southampton - + +| 50 54 46-68 | 8687 — 50 54 46°68 9 99 - 

; 
1850 St. Agnes - - + +1} 49 53 32:99’ 411; I 1 13-32; 49 53 33-36 9 29 

4) és ; 
1850 Goonhilly Down - +| 50 2 49:93 431 |. O 51 56:61/| 50 2 50-07 9 9 
1850 , North Rona .- - 159 7 15:49 427, 8 12 98-72 | 59 7 15:40 39 23 
1850 | Great Stirling s 8 81 57 aM 49°20' 439 6 33 244 | 57 27 49°12 99 99 | 


The Latitudes Direct are obtained for each Station, by giving to the latitude resulting from the observations of any one star a weight 
equal to the number of observations of that star: the resulting latitudes given by different stars are then combined with respect to 
their weights, 

In the observations made with Ramsden’s Zenith Sector, the amplitudes are obtained as follows:—Let x, x 7,.... be the 
successive amplitudes of the stations A A, A, A, -... and let @ observations of a certain star at A,, give its latitude A,,, and 5 
observations of the same star at A, give its latitude A,, c observations of the same star at A, give its latitude A,, and s0 on; then 
we have these equations,— 


; a 

Lap, tic ee eb My Ag; weight = gy 
be 
Tapp tives et tera, — Ay; Weight = 77 


From which, by the method of least squares, x, +, 2, +. are obtained. The six stations first on the list, observed at between 
1802 and 1806, are combined by themselves; the other three, Kellie Law, Cowhythe, Balta, observed at between 1813 and 1817,7are 
treated separately. The amplitudes of the first set are applied to the latitude of Greenwich as determined by the Astronomer Royal, 
Namely, §1° 28’ 38’*30. In the observations made with Airy’s Zenith Sector, the amplitudes are all taken with Southampton 
directly, 





''' + The Zenith-Sector Station was not in every case coincident with the Trigonomcetrical Station ; the following table contains the con- 
Sequent corrections to be applied to the observed latitudes. | 








Station. Correction.}  - Station. Correction, Station. Correction. 








ai é 


Clifton . te war fee + 0°03 Cowhythe. . «© . »« | -orgt f Port Valley . . » © | 2°31 
Arbury . . . . . | —0°33 |S. Berule (1845). . «| +0°73 [| St.Agnes. . . «© © | +0°57 
Delamere. . . . «| —0o*t03 .| Precelly . . . « «| -—1°09 | Southampton. . . «| +0°29 

ew, 4: +1°1o | Hensbarrow . . . .- +o°7r { North Rona . . . ; —o°2I 


i Kellie Law 


en 





SECTION V. 





MEASUREMENT OF BASE LINES. 


To determine by actual measurement on the ground the length of one side of a network 
of triangulation wherefrom to infer the lengths of all the other sides, 1s not the least difficult 
operation in a trigonomcetrical survey. To effect this with all the accuracy necessary 
for the purposes of topography presents indeed no formidable difficulty ; but when the 
ultimate end of the operations is to contribute towards the knowledge of the figure and 
actual dimensions of the earth, and when the problem is stated thus,—To determine the 
number of times that a certain standard or unit of length is contained between two finely 
marked points on the surface of the carth at a distance of some miles asunder, so that the 
error of the result may be pronounced with certainty to lie’ between certain very narrow 
limits plus or minus,—then the question requires and has always obtained serious conside- 
ration. In the first place, the representation of the unit of length, an abstract idea, by 
means of the distance between two finely engraved dots or lines upon the surface of a bar 
of metal at a certain temperature, is never itself free from uncertainty and probable error, 
from the difficulty of ascertaining at any moment the precise temperature of the bar, and 
also in a less degree from the circumstance that such bars or scales have in the course of 
time altered perceptibly in length. Omitting this last consideration, the transference of the 
‘unit of length or acertain multiple of it to a measuring bar will be affected, not only with 
the unavoidable errors of observation, but with errors arising from the uncertainty of tempe- 
rature of both bars. It is therefore necessary that the ratio of the multiple bar to the 
standard, as well as the coefficients of expansion of both, should be the objects of very 
numerous and careful observations. This multiple of the standard is however seldom used 
in actual measurement, but serves as a secondary standard for the examination of the 
rods or bars with which the actual measuring is performed. The construction of the 
measuring rods must then be such that they may admit of easy and direct comparison with 
the working standard, that they may be aligned with great exactness between the extremities 
of the line of measurement, that they may be made individually perfectly level, and that, with 
respect to the alterations due to variations of temperature, they may be either eliminated 
by the principle of compensation or any other mechanical means, or that the temperature 
of the bars may be precisely ascertainable at any given time. 


Compensation Bars. 


(1.) The compensation bars, invented by Major-General Colby with the view of 
eliminating the errors resulting from our ignorance of the exact temperature of the 
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measuring rods at a given time, are constructed on the following simple and beautiful 
principle :—T wo bars of different metals and different rates of expansion are laid parallel 

mn ‘de 

A | B 

< ° .! 7 
and close to each other as A B, A’ B’; these are firmly connected at the centre, from or 
to which point they are free to expand and contract. At a given temperature they are 
taken of the same length, and in this state suppose lines A’ A m, B’ Bn, to be drawn 
through their extremities and perpendicular to their lengths, so that A m= Bn; make also 
the ratio of Am to A’ m or of B 7 to B’ n equal to the ratio of the expansion of the bar 
A B to the expansion of the bar A’ B’. Now if we suppose both bars to receive an equal 
increment positive or negative of temperature and in this position lines to be drawn 
through their extremities, these lines will evidently pass through the points m 7 as already 
determined. This, indeed, is not mathematically or strictly speaking true, but the 
difference would be quite imperceptible. - | 


(2.) In the actual construction the bar A B is of iron, the bar A’ B’ of brass, A’ m, B’ n, 
are flat steel tongues at the extremities of these bars moving frecly on conical brass pivots, 
allowing them to be inclined at small angles with the lines perpendicular to A B, A’ B’. At 
the temperature of 62° Fahrenheit the bars are assumed to be precisely the same length, 
and the tongues consequently at right angles to the bars. 

It is evidently necessary for the construction that in order to the fulfilment of the 
required compensation, the bars must always be of the very same temperature, but as they 
are necessarily subjected to constant variations of temperature it is also clear that they will 
not generally be of the same temperature unless they have the same rates of changing 
temperature. It was necessary therefore to ensure this equality, and two modes presented 
themselves, either to alter the dimensions of one until its rate was equal to that of the 
other or to produce the same effect by varying the surface of the one while the other 
remained constant. The latter method was adopted, and after a number of experiments, 
in which’ the brass bars were bronzed and varnished and remained unaltered, while the 
Iron bars were browned (as the barrels of fowling pieces), lacquered, and smoked in different 
degrees, the desired equality was obtained. 


(3.) The compensation bar consists of two bars, each 10 feet 1-5 inch long, 0-5 inch 
broad, and 1- 5 inch deep, placed 1-125 inch apart, and. firmly connected at their centres by 
two small transverse steel cylinders not quite in contact. At each extremity of the bars is a 
metal tongue (corresponding to the lines A’m B’n) so connected by pivots to the bars as 
to admit freely of any expansion, and yet to be quite immoveable otherwise. These tongues 
are each 6-2 inches long, and on a silver pin at the extremity of each is marked the com- 
pensation point. This compound bar is placed in a deal box (resting more immediately 
upon two brass rollers in the bottom of it), and is kept from moving lengthways py-means 
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of ‘a brass stay firmly fixed to the bottom of the box at the centre, and projecting upwards 


between the two small steel’ cylinders before mentioned. The long level for levelling the 


bars is fixed to the upper surface of the brass bar, and is read by means of a glass covered 
opening W., Pl. II., in the top of the box. The tongues carrying the compensation points 
project beyond the box, but are carefully protected.: These points, it is to be noted, and not 
the bars themselves, lie in the line of measurement. x 4 | - 

_ The complete set contains six bars, distinguished by the letters A, B, C, D, E, G. . Each 
box when in use is supported at one-fourth and three-fourths of its length by means of strong 
brass tripods, having rollers oo (Plate II. fig. 2) on their upper surface. One of the 
tripods is provided with a tangent screw g for communicating a longitudinal motion to the 
bar, and both have screws f, for communicating a transverse motion, and an elevating screw 
e, for the final adjustment of the bar as to level. These tripods rest on trestles T ‘I’, which 
are of various lengths from 6 to 30 inches, and are selected as the nature of the ground 
requires, 


(4.) The interval between the adjacent compensation points of two bars lying in linc is 
brought to exactly six inches by means of a compensation microscope which is constructed 
in the following manner: Two microscopes of two inches focal distance, lying. parallel to 
one another, and six.inches apart, are connected by two bars, one of brass and the other of 
iron, in such a.manner that the outer foci of their object glasses are compensated points at 
exactly six inches apart. Through the centre of these two bars passes a,telescopic micro- 
scope parallel to the othet. two. . The. microscopes. revolve on the axis of this centre or 
telescopic microscope in a vertical tube attached to the upper surface of a tripod with 
levelling screws, and screws for communicating motion in a longitudinal or transverse direction. 
The tripod of the compensation microscope rests on a.three armed grooved. stand s s’.s” 


(Fig. 3, Pl. IT.) carried by the brass plate ¢¢¢?, screwed to the end of the box. To the 


brass bar of each compensation microscope is. attached the level, and on the other side is a 
small telescope moveable in a vertical plane for the alienement. The measurement of the 
six inch interval is effected by bringing one of theouter microscopes of the compensation 
microscope when in perfect adjustment, alignement, and level, to bisect the compensation 
point of one of the bars, and then bringing the compensation point, of. the other bar (by 
tangent screw motion) to be bisected by the other. outer microscope. | 

Seven microscopes, distinguished by the letters m, x, 0, P, a, R, s, are thus required for a 
set of bars, so that between the telescopic microscopes.of the first and-last compensation 
microscopes of a complete set of bats arranged in the line of measurement, the distance is 


63 feet. . | 


(5.) The end of each series of bars when used in measurement is transferred to the 
ground by means of a point carrier; this simple apparatus consists of a massive triangular 
cast-iron plate of about 15:5 inches side, with a short, flat, hollow cylinder of brass screwed 
to the centre of its upper surface, enclosing a moveable disc liaving a fine point engraved on 
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its surface, this dot is adjusted to the required position by means of three small equi-distant 
screws passing through the cylinder. The point carrier is placed under the telescopic 
microscope, so that the dot shall be very nearly in the line of its optical axis, and the final 
adjustment of the dot is then made by means of the three adjusting screws. This dot forms 
the initial point for the next set of bars. | 


Standards. 


— (6.) The Ten-Feet Ordnance Standards, designated as O, and O,, are two wrought- 
Iton bars 122-15 inches long, 1-45 inch broad, and 2:5 inches deep (constructed for the 
Ordnance Survey Department by Messrs. Troughton and Simms, in 1826-7), supported 
at one-fourth and three-fourths of their length on rollers secured to the bottom of the 
wooden box by which the bars are encased, and having’a slight pin attached to the box 
and passing into a small hole in the centre of the under surface of the bars, to prevent 
their moving longitudinally in the box. The mode of supporting them on rollers was 
devised to allow them to contract or expand freely from the effects of temperature, some 
of the preliminary experiments having shewn that the length of standards would be sensibly 
affected by the manner in which they were supported throughout their length. 

The precaution was taken of cutting away the ends of the bars to half their depth, to 
obviate the effects of flexure, consequent on the mode ‘adopted for supporting the bars at 
two points only ; and by this method, by which the dots marking the standard of Jength 
are placed in the axes of the bars, it is believed that no material flexure will exist, and 
from their depth and massiveness it is more than probable that, whatever it may be, it Is 
not likely to vary in amount, which is, after all, the great desideratum in a standard 
mcasure. _ 

Platina pins were then inserted at each end, and the distance, 10 feet having been set off 
at the temperature of 62° Fahrenheit, dots were engraved on them to indicate the standard 
of measure. On the upper surface of each bar, over the supporting brass rollers, were 
two cylindrical holes, made large enough to admit .the bulbs of two thermometers, for 
registering the temperature of the bar, the metal and the bulbs ofthe thermometer being 
brought into contact by immersing the bulbs in oil, or mercury. The bars are retained in 
their proper positions in their boxes by small pieces of brass at the top and sides, to prevent 
their being displaced with reference to the rollers. 7 

The ends of the bars are protected by circular brass caps screwed on to the ends of 
the boxes when not required to be used. a, 


Siz-inch Standard.—The ‘distance between the ‘outer foci of the compensuaticn 
microscopes is referred to a ‘brass’ standard measure 11-5 inches long, 1-5 inch broad, 
and ©-55 inch deep, supported: at each’ end by small picces. of brass screwed on to the 
under surface, the standard measure being defined by dots engraved on silver pins, let into 
the brass, 6 inches “apart. The distance’ between“ tlie outer foci “of the ‘microscopes was 
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adjusted to the length between these dots, the temperature of the standard being 
ascertained by means “of a thermometer having its bulb let into an orifice at one end. 


(7.) Comparisons of Standards.—Extensive comparisons, given in detail in the “* Account 
of the Measurement of the Lough Foyle Base”* were made at Southampton in the years 
1844—5—6, in order to obtain the relations between these standards and the following : 
Indian Bar B, Cape Bar B, Ramsden’s Prismatic Bar, Roy’s Scale, Messrs. Troughton and 
Simms’ Brass Scale, and the Indian 6-inch standard. The first of these bars differs from the 
Ordnance Standard only in the dimensions of the section which are rather smaller, the second 
bar differs only in having gold pins instead of platina. Ramsden’s Prismatic Bar is of cast- 
Iron, 21 feet in length; the section is an equilateral triangle of 1-25 inch side. The 20 feet 
measure is divided into parts of 40 inches marked by dots on brass pins let into the bar; 
these distances were laid off at the temperature of 54° by Ramsden from his Brass Scale. 
General Roy’s scale is of brass 42-8 inches long, -55 inch broad, and -22 inch deep, divided 
by lines, which are now much worn, into inches and tenths of inches; it has a vernier at each 
end, one dividing the inch into 1000, the other into 500 parts. Messrs. Troughton and 
Simms’ Brass Scale is 66 inches long, 1-5 inch broad, and -5 inch deep; it is divided by 
lines on silver into inches and tenths of inches, numbered from o to 60; it is also divided. 
into inches by a scale of dots on silver pins let into the brass opposite the linear divisions 
of inches, these dots were used in the comparisons. 


(8.) The following table contains the principal results of these comparisons; the 
third column contains the factor by which any results given in terms of the several scales 
are to be multiplied, in order to reduce them to mean feet of O,; the fourth column 
contains the corresponding logarithm. 

cr eT a Aa aaa a 


Standard Measure. Mean Feet of O:. Factor. Logarithm. 





eer en 


Ordnance Standard O, - °999997% |} ©-99999972 | 9°9999999 
Ramsden’s 20-feet Bar - 20:0007656 | 1-00003828 | 0:0000166 
Roy’s Seale o—goin + + - 3°3333368 | 1-oo0oc0105 | 0-0000005 
Roy’s Scale o— g6imn, + * * 3°0000281 | 1-00000937 | 0-0000041 
Cape Bar Bee + + + ss 9°9998498 | 0-99998498 | 9°9999935 
Indian BarB- s+: 9°9999279 | 999999279 | 9-9999969 
Troughton and Simms o— = mM.* | 49999925 | 9-99999850 | 9-9999993 
Troughton and Simms o—40 in. - 3°33334.58 | 1-00000375 | 0-0000016 
Troughton and Simms o— 36 in.+ | 3-0000018 | 1-00000060 | 0-0000003 
Ordnance 6-inch Standard : 0-4999778 | 0-99995550 | 9°9999807. 
Indian 6-inch Standard B . 04999652 | 9-99993030 | 9-9999697 





(9.) The method of making these comparisons was essentially the same as followed. 
in the measurement of the Salisbury Plain Base, page 217. If we suppose x y to be the 
coefficients of expansion of the two bars under comparison, 2 their true difference of length 





* Published by the Honourable Board of Ordnance, 
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at the standard temperature of 62°, whilst 62° + h°, 62° + k°, and, are the observed 
temperatures of the bars and their difference of length, then we shall have 


hao~ky+2+un,=0 
he—-kyte+tn, =o 
he-ky+2+n, = 0 
h,a—ky torn, = 0 


each comparison giving an equation: hence, by the method of least squares, 
(a2 —hh)y+ h)z+ hnj)=o 
—hhar+ hk) y —-WM2—(kn) =o 
(ja —- hy + re + (mr) =0 


The following table contains the coefficients of expansion obtained in this manner :— 











| Year. Standards compared. O, O Cape Bar B. | Indian Bar B.| Ramsden’sBar.| Troughton a 

a & Simms’, Comp 
1844 0, and Cape Bar Bok. « ‘000006130 er ee -©00005918 . a ee ~lIOLl 
1844) O, and Troughton & Simms’ -ococo6069}- » + «1s + + ste + + tf* © + +|+000009749]100 
1845 O, and Ramsden’s Bar -|-oo0006196/- - - «(+ + + «|+ + © +|-000005848]- - + + |r00 
1846, O, and Indian Bar B . -|-coo00gg21j- - + + I> -}-00006013/- + + «|. «© «+ +] 20 
1831/ O, and Indian Bar B. -|- - - | -000006508} - ee 26 





(10.) The coefficient of expansion of the standard O, resulting from the whole of these 
comparisons, is somewhat different from that obtained by Captain Drummond, R.E., in 
1827, In his experiment, the length of the standard when in a natural state was read by a 
microscope placed. over each dot, one having a micrometer, and the temperature of the bar 
registered. The bar was then carried to an adjoining room, in which the temperature was 
about 120°, and, acquiring thus a considerable increase of temperature, was quickly re- 
placed under the microscope, and its length again ascertained. The mean of eight values of 
the coefficient of expansion thus obtained gave -000006522; and it will be seen from 
the comparison made at the base line on Salisbury Plain, that the coefficient of expansion 
at that time was apparently intermediate to this value obtained by Captain Drummond in 


1827, and that resulting from the comparisons at Southampton in 1844-6, as contained 
in the above Table. 


— (11.) In 1834 a series of 54 comparisons was made by Lieut. Murphy, R.I., between 
two lengths of the Royal Astronomical Society’s Scale and the standard O,, by which it 
appeared that the former exceeded the latter by -00195 of an inch (see “ Lough Foyle 
Base,” page [29] Appendix); and, therefore, since O, — O, = -000034 of an inch, and since 
the whole length of the Royal Astronomical Society’s Scale is equal to 59-999712 mean 
inches of the centre yard (see vol. ix, page 100, R. A. S. Memoirs), therefore 
~ QO, = 119-997508 mean inches of centre yard of R. A. S, Scale. 
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Measured Lines. 


(12.) The three volumes, entitled “‘ An Account of the Trigonometrical Survey,”* con- 
tain all the particulars relating to the measurement of the base lines on Hounslow Heath, 
latitude 51° 27’, longitude E. 0° 27’, by General Roy, assisted by Lieut.-Colonel Pringle, 
R. E., in 1784, and By Lieut.-Colonel Williams and General Mudge i I 1791; on Salisbury 
Plain, latitude 51° 10° ) longitude 1° 45’, by the same officers, in 1794.3; on Misterton Carr, 
latitude 53° 30; janiilude o° 55’, by General. Mudge, in 1801; on Rhuddlan Marsh, 
latitude 53° 10’, longitude 3° 30’, by the same officer, in 1806. A base line, of which no 
account has been published, was measured, in 1817, by Major-General Colby, with the 
assistance of Mr. Gardner, on Belhelvie Sands, latitude 57° 15’, longitude 2° 10’, near 
Aberdeen in Scotland ; of this proceeding there is no written account, further than the note- 
books used in’ the operation, containing the readings of the thermometers, &c., together 
with the result of Mr. Berge’s comparisons of the chains with Ramsden’s Prismatic Bar and 
the ‘ Reduction of the Base,” by Major-General Colby. In the present work the absolute 

‘distances are derived from the bases measured with the compensation apparatus at Lough 


“~" Foyle, in 1827 and 1828, and on Salisbury Plain in 1849, the otliers being considered as ~ 


bascs of verification. A general account of these bases will now be given, referring for the 
details of those previous to the date 1806 to the volumes of the “ Trigonometrical Survey ” 

and. the engravings given in them; and for the details of the Lough Foyle Base, to the 
account published by the Honourable Board of Ordnance in 1847. 


Hounstow Heatu Base. 


The measurement of the base line on Hounslow Heath, by General Roy, was the first 
operation of the trigonometrical survey of Great Britain. The ground was selected from 
the extraordinary evenness of its surface, its great extent, without any local obstructions to 
the measurement of a base line, and also from its advantageous vicinity to London. and 
Greenwich. 

The first measurement which was made in June 1784 with a steel chain of 100 fect 
in length, constructed by Ramsden, was considered inerely experimental, and gave for-the 
length of the line, after duc corrections for temperature, 27408 -22 feet. 

The bases which had previously to that time been measured in other countries, with the 
appearance of the greatest care and exactness, had been mostly effected with deal rods, 
whose actual lengths were compared with a metal standard; and it was therefore deter- 
mined to measure the base line on Hounslow Heath with such rods, very carefully con- 
structed of the finest material. "The rods, which were 3 in number, were each 20 feet 
3 inches long between the extremities of the bell-metal tips, by the contact of which the 
measurement was finally made ; the lengths were carefully laid off by Ramsden, from 
General Roy’s scale. 


Rn 


* Vols. I. & I. were first published in the Philosophical Transactions. 
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In the course of ‘the measurement, however, it became obvious that the deal rods were. 
affected by the variations of the. hygrometric state ofthe atmosphere to a degree that was. 
quite unexpected, and threw at last such doubts upon: the correctness of the operation that, 
before the measurement was even completed, it was considered a failure. In order to throw 
additional light-on the subject of the expansion of deal rods; several experiments were 
afterwards made, which led: to the conclusion. that’ they: were quite: unfit to be used in the 
measurement of a base line. It does not, however, appear that the surfaces of the rods. 
were prepared in any. manner .by oiling or varnishing, in order to diminish the effect of 
the humidity of the atmosphere. - | : 

~ The result of this measurement gave 27406-26 for the distance between the centres of 
the pipes which marked the extremities.of the line, reduced to the level of. the lowest, in 
the temperature of 63°, being that of the brass scale when the lengths of the deal rods were 
laid off§ =... | | : 

' At the same time that it became clear that the rods of deal would not furnish a result 
that could be finally relied upon, it also became evident that the measurement must 
necessarily be repeated with rods of some other material. At the suggestion of Lieut.- 
Colonel Calderwood of the. Royal Horse Guards, F.R.S., General Roy determined to 
remeasure the line with tubes of glass. 4 ) i : 

These tubes, which were each 20 feet in length, were firmly secured in deal cases cight 
inches deep, of the same width in the middle, and tapering from thence in a curvilinear 
manner towards-each end.. Through two small orifices in the top of each case passed down- 
wards the bent tubes of two-thermometers, whose bulbs were within the deal case. Thus 
the temperature of each rod.was inferred -from the. readings of two thermometcrs.. The. 
manner of securing the rods in their cases was such that they were free to expand or contract 
to and from their centres, which parts weré rigidly and permanently fixedin the cases. ‘The 
ends of each tube were ground perfectly. smooth and truly at right angles to the axis of the 
bore, and projected respectively seven and -nine-tenths of an inch beyond the case, the 
former called the fixed, the. latter the moveable.end. Into the former end was tightly fixed 
a cork of the very best material, into which was inserted a small brass tube co-axial with 
the cork. Into this tube again was inserted, screwing into the inner end.of the brass tube, 
a-steel pin carrying a. button. at .its-exterior end.- ‘The inside of.the button fitted very 
closely the ground end: of the glass tube to which the outer-surface of the button, made as 
nearly as possible a perfect plane, wasparallel: .The. apparatus at the other extremity of 
the glass tube was. somewhat similar, except. that the button, which had a spherical surface 
the radius of which was two inches, was moveable in the direction of the axis of the tube, 
by means ofa spring acting outwards ; and the-pin,. instead of screwing into the small brass 
tube in the cork, passed.freely. through it, and carried .at its intier extremity a small ivory 
scale with aine intersection cut upon it. Thus, two rods being brought into. contact, and 
the fixed button of one being pressed against the moveable button of the other, the mark.on 
the ivory scale of the latter was pushed backward until it coincided with a diamond line cut 
on the interior and upper.surface.of. the glass tube,.whose length was so adjusted that, when 
the coincidence was perfect, the distance:between the plane. surface ofthe one button and the 
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spherical surface of the other was exactly 20 feet of General Roy’s Scale, at the temperature 
of 68°, Each case had at each extremity a pair of wheels, two inches in diameter, connected 
by a common stecl axis, and-also a pair of small cross feet projecting four or five inches 
outwards from the centre on both sides. By the turning of a screw, the axis of either pair 
of wheels could be raised or depressed with reference to the case, and thus the case might 
as required rest either immoveably upon its feet, or have its weight transferred to its four 
rollers and so become moveable in order to perfect adjustment in the measurement. Also 
* from the upper surface of each end of each case projected upwards a small brass piece two 

inches long, by means of which, and a slow motion screw connecting them, the rods were 
drawn together to the required distance; that is, until the mark on the ivory scale coincided 
with the mark on the inner surface of the glass tube as before described. 

The final length of the base line, deduced from the measurement with these rods, when 
reduced to the temperature of 62°, and to the mean level of the sea, was 27404-0137 feet. 
The coefficient of the expansion of the glass tubes used in the reduction of the base, namely 
-0000043, was obtained from a single observation made with a microscopic pyrometer, of 
the total expansion of a five foot tube for 180°, the difference of 32° and 212° Fahrenheit. 

The principal defect in this measure is probably the manne? in which the rods were sup- 
ported, or rather left unsupported. ach rod rested on two trestles, one at cach extremity, 
the same length supporting the extremity of two contiguous rods ; it therefore is probable 
that the rods were subject to considerable flexure, and also that in removing from the trestles 
any one of the rods, the trestle which still supported the end of the contiguous rod would, 
from the change in the force acting upon it, be liable to some small motion. This last 
source of error was indeed experimentally investigated and found to be real, and produce an 
observable motion. 

These considerations, together with that of the novelty of the method, demanded some 
verification of the result of the glass rod measurement ; it was therefore determined by his 
Grace the Duke of Richmond, Master-General of the Ordnance in 1791, after the death of 
Gencral Roy, to re-measure the same line with the steel chain, to which method General 
Roy had expressed his preference. 

Tivo steel chains of 100 feet in length, designated as A and B, were constructed by 
Ramsden for this purpose. Tach chain consisted of 40 links 2-5 feet long and. half an inch 
square in section, the handles were of brass perfectly flat on the under side, so that the 
coincidences between the arrows at the extremities of the chains and the division of scales 
on the brass register heads were easily observed. ‘The chain A was used for measuring, 
while B was preserved as a standard. | 

As in the operations with the deal and glass rods, the measurement was made in 
hypothenusal lengths which were afterwards reduced for inclination. The alignement of the 
base was effected with a species of transit instrument, which was constructed by Ramsden for 
that purpose. 7 

At every 100 fect, as measured off in the line of the base with a 20-feet deal rod, 
was driven a beech post or very stout picket having on its upper surface a brass register 
head carrying a graduated slider, moved in the direction of the line of the base by a slow- 
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motion screw. ‘This post supported no part of the apparatus, but served merely to indicate, 
by a division of the scale, the extremity of one chain, and thus give the initial point for the 
next succeeding. The chain was laid out in a succession of five deal coffers resting upon 
trestles, the extreme points of support being within about ten inches of the extremity of the 
chain, or of the register head pickets, so that each handle of the chain rested upon the sliding 
scale of one of those pickets. The forward end of the chain was then drawn with a weight 
of twenty-eight pounds, while the rear end was drawn back by means of a screw which had 
its bearing from a post used for that purpose, until the mark on the handle indicating that 
extremity of the chain, coincided with that division on the register head scale which indi- 
cated the forward extremity of the chain in its previous position. The register head scale at 
the forward end was then adjusted by its screw, until one of its divisions coincided with the 
end of the chain, which division again became the initial point for the next chain. The appa- 
ratus for the ends of the chain can only be understood in all details by a reference to the 
engravings in the original account. 


TI‘ive thermometers were laid close by the chain in each position, and suffered to 
remain until they showed nearly the same temperature, which took generally from 7 to 15 
minutes. When the sun shone out, the chain was covered with a white linen cloth, the 
ends of which were put over the openings of the first and last coffers to exclude the 
circulation of the air. 


The result of this measurement gave for the length of the base line, after the due 
correction for the inclinations of the several hypothenuses, reduction to the temperature 
of 62° Fahrenheit and-to the mean level of the sea, 27404-24 fect, exceeding the result 
given by the glass rods by -21 feet or two inches and a half, and falling short of that by 
the deal rods by 2-02 feet ; the coefficient of expansion used in making the reduction for 
temperature was -00000625, which was deduced from the mean of nine observations made 
on the chain directly. | 


The lengths of the chains were ascertained by comparison with Ramsden’s Prismatic 
Bar. The length of this bar, 20 feet, was laid off at the temperature of 54° from his 
brass scale, which he had compared with that of the Royal Society and found to be of 
precisely the same length. In the comparison of the chains with the bar, the latter 
Was supported in twenty-one points in a perfectly straight line, as nearly as could be 
ascertained ; part of the chain was then placed on rollers in a horizontal line parallel to the 
bar and a few inches below it, and whilst it was fastened to an adjusting screw near one 
end of the bar, it was kept straight on the rollers by a weight of fifty-six pounds. From 
the extremities of the 20 feet on the edge of the bar, two fine wires with plummets were 
suspended which were immersed in vessels of water, the wires hanging so as nearly to touch 
the chain. One end of the chain being then brought under its wire by means of the 
adjusting screw, a fine point was made on the chain coinciding with the other wire. This 
part of the chain was then shifted, and so the whole measured in five successive portions. 

. Dd 
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It is not stated that the operation: was-repeated: more than once foreach chain. -: The result, 
when corrected for temperature to: ea°, gave for the length of the chains— - | 
| A = 100-00952 feet of the Prismatic Bar. 
B= 100-00485- = 3g, , 
It is to be feared, from the manner in which the comparison as-above described was made, 
and from the probability of their being the results of one observation only, that the lengths 
of the chains as thus obtained are affected with a large probable error; for it: is now 
well known that in these matters the truth cannot be arrived at by a small number of 
observations. __ _ 


It may be necessary to observe that the length of the base as given above is in terms. 
of feet of Ramsden’s Brass Scale at 62°, The extremities of this line are marked by iron 
guns sunk in the ground, the centre of the bore being in each case the precise end of 
the base. 


SALISBURY PLAIN. - 


This base of verification was measured in the summer of 1794, by Lieutenant-Colonel. 
Williams and Captain William Mudge of the Royal Artillery. . The. measurement was. 
effected with the same chains that had been used at Hounslow Heath. 


Previous to the measurement, the chains were compared with one another, and were 
found to have the same difference of Jength as when measured by Ramsden subsequent 
to the measurement of the Hounslow Heath. base. . 


The operation was conducted in the same manner as at Hounslow Heath, with. some 


trifling improvements in the method of aligning with the transit ; the inclinations of the. 


different hypothenuses were observed with the transit, which had a small vertical are for 
the purpose. An examination of the chains after the operation showed. that the measuring 
chain A had stretched 3 part of an inch. The final length of the base when corrected for 
the wear of the chain, reduced to the temperature of 62°, and to the level of the station on 
Beacon Hill which was one extremity of the base, was 36575-4o01 feet of the brass scale. 
Now the height of Beacon Hill is 669-5 feet, as obtained by levelling, therefore the length 
of the base reduced to the level of. the sea becomes 36574-232. The extremities of the 


line were marked by iron guns. sunk in the earth, the centre of the bore of each marking 
ithe precise end of the base. 


Mistenton Cann. 


tad 


The apparatus used in the measurement of:this base in 1801 by Major Mudge was: 
the same as: that employed on Hounslow: Heath and Salisbury Plain, with the addition of 
a steel chain of fifty feet in length of exactly the same construction with - the longer’ 
chains. 
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The resulting length of the base‘line was 26 342-19 fect when reduced to the 
temperature of 62° of the brass scale and to the mean level of the sea;* after the operation 
the chains were compared by Mr. Berge, successor to Mr. Ramsden, with the Prismatic 
Bar, from which comparisons it was found that at 54°— 


A. = 100-01104 feet of the Prismatic Bar. 
B = 100-00648 a . 


The 50-feet chain © was-also carefully: compared with ‘the tantard B, which gave— 

| 2C =B + -00786 feet. : 
This chain only measured four lengths or two hundred feet of the line. The ends of the 
base were marked by two blocks of oak with square holes in their upper surface, these 
holes were run in with lead which was filed off even with the surface of the wood and the 
diagonals. drawn: . The intersections of the diagonals. indicated the precise ends of the 
base. These oak blocks are not now to be found. 


Ruvuppian Marsu. 


_ This base line was measured in the summer of 1806 on an extensive and level piece 
of ground about four miles north-west of St. Asaph in Flintshire, North Wales. The 
measurement was made with the same apparatus and in the same manner as in the former 
lines; the chains were very carefully compared before and after the operation with the 
standard: B. The final result: for the length of the base, after: reducing to the temperature 
of 62°, was 2451'4!26 feet of Ramsden’s Brass Scale. 

‘'. The'extremities of the line-were marked: as -at Misterton Carr with blocks of wood; 
bit of these unfortunately every trace has been lost. 


-BELHELVIE SANDS. 


“* The ground selected for this base-line is:situated near Aberdeen. ‘The same chains 
and method of measurement were employed as on all former occasions. - The chains were 
compared with the points in the cast-iron prismatic bar both before and after the measure- 
ment by Mr; Berge, and the results of the comparisons gave, when corrected to the ae 
poet of 54 ; | | | , 

: = 100-01240-feet-of the Pristaatic Pie 


oh 7 
_ 'B. = 100-00 547 i uo "Tate the. measurement, 
- CG = 50-00127 5 a 
A = IOOOI44T gg “2 : a a 
B= 100-00631._—, iP wage ee fits the measurement. 
C = 50-00123 35" ‘ 


ge. 
* In the reduction of the base in the original account there is a slight error in the reduction from Deen 
the quantity should evidently be 2°172 feet. 
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The “Reduction of the Base” by Major-General Colby is as follows:— . 


Reduction of the Base Line. 


The apparent length of the base line, when reduced from the 


several hypothenuses (to mean level of the sea), according to the Feet. 
Table, is. ; ‘ ° , , ‘ 26514°2653 


Lhe mean length of the measuring chain A, as found by 
Mr. Berge’s comparisons with the points on the cast iron bar, pre- 
viously and subsequently to the measurement, was, when reduced to 


the temperature of 54° Fahr., 100-01355 fect, whence -01355 x 261 3°5305 
The mean length of the fifty-fect chain was 50-00125 feet, whence 
700125 x 8 ‘ , . ’ , «0100 


The sum of all the degrees shown on the thermometers was 


706995 + 131425, wherefore ( FOOse's. ae ae = 


54° X 26 5-18 ) oe = -0245 of a foot, which is the correction for 


the mean heat at which the base was measured above 54°, the tem- 

perature at which the chains were laid off . ‘ : 0245 

-01237 X 265 x 8 
12 


duction of the base to the temperature of 62° ’ , , — 21854 


Finally, we have =: 2-1854 feet for the re- 





26515°6509 


a A CNET 





- In explanation of the reduction of the thermometer readings to obtain the correction 
0245 feet, it should be stated that the 5o-feet chain had three thermometers to record 
its temperature, so that two 50-feet chains had six thermometers, whence the number 6 in 
the denominator of the fraction whose numerator 1s 1314-25, which is the sum of the 
readings of the thermometers for the eight positions of the so-fect chain. The 
quantity +01237 in the last correction is the expansion in inches of 100 feet of the 
brass scale for 1° of Fahrenheit. The reduction to the mean level of the sea is included 
in the first term. This line was measured between May 5th and June 6th 1817 by the 
late Major-General Colby with the assistance of Mr, Gardner. 


To reduce these base lines into terms of Ramsden’s Bar at 62° we must multiply 
them by the ratio of the length of a foot of the brass scale to that of the prismatic bar 
when both are at that temperature. Now both standards are equal at 54°, therefore if e e’ be 
their respective coefficients of expansion, their relative lengths at 62° will be as 1 + 8e to 
1+ 8e’, or1 +8 (e—e’) to unity, and using the values given in the original accounts, 
namely ¢ = -c000103 and e’ = -cq000062, the factor for multiplying the bases becomes 
-0000328, also the factor for converting measures in terms of Ramsden’s Bar into feet 


of O, is 1-0000383. The following table contains the length of the old bases according 
to the different standards of measure :— : 
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Hounslow Heath - 
Salisbury Plain - 
Misterton Carr « - 
Rhuddlan Marsh 
Belhelvie Sands + =. 


Brass Scale. 


2740424. 
36574°23 
26342°19 
24514°26 
26515°65 


Length in feet of 


Prismatic Bar, 


27405°14 
36575°43 
2634305 
24515°06 
26516-52 


Ordnance O;. 


2.7406-19 
3657083 
26344°06 
24.516:00 
2651753 
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Lovueu Fore. 


(13.) The ground chosen for the measurement of the Lough Foyle base lies on the 
eastern border of the lake of that name in the north of Ireland. The northern extremity 
of the line is about two miles and three quarters south of the martello tower on Magilligan 
Point, in the county of Londonderry, the southern extremity is a quarter of a mile south- 
east of the church at Ballykelly. The ground is admirably adapted for the purpose, and 
is at a mean height of eighteen feet above the mean level of the sea. 

The measurement commenced on the 6th of September 1827 and was continued until the 
25th of October, during which time several partial remeasurements were made in order to 
test the accuracy of the compensation apparatus and the stability of the pomt carriers. 
The results of these remeasurements were always very satisfactory. The measurement 
was resumed on the 7th of July in the following year and continued until the 25th of the 
same month, when it was suspended in consequence of the crops being on the ground. It 
was again resumed on the 13th of September and finally concluded at the south end 
of the base on the 20th of November 1828. The measurement was thus effected in three 
periods amounting in the total to sixty days, the average daily progress five hundred feet. 

The mean lengths of the bars applicable to these three periods in terms of the com-~ 
pensation bar A, were determined by numerous comparisons, and are as follows, the bars 


being individualized by the letters A, B, C, D, E, G: 





Bar. Ist Period. 2d Period. 3d Period. 
B= A+33-0d A-+39:3 d A+46-1d 
C= + 338-3 d +41-0 d + 48-8 d 
D= +14-2 0 + 79d +311erd 
Kk = + god +16:8 d +23°5 d 
G= +11°5 cd + 68d + 94d 





when d is one division of the micrometer and equal to —— of a foot. The total length 


| 245400 
measured by the bars is then found by summation equal to 


3966 A + 86696-8 d 
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Similarly, by frequent comparisons of the compound microscopes with the Ordnance 
6-inch Standard, and using their mean values for 5 different periods, the total length of the 
part measured-with microscopes was found equal to 


5208-5 OSieeh 4 93735-2 d’ — +708 feet 


O¢inch being the length of the Ordnance 6-inch Standard at 62°: d’ the value of a division 
of the micrometer = —. of a foot; -708 fect was the distance measured: back from the dot 
marking the termination of the last series, to the dot on platina wire marking the south end 
of the base. ‘This measurement was made with two beam compasses of ebony. 

The values of the compensation bar A, and the 6-inch Standard in terms of the mean 
feet of O, were determined as 


A =. 10 feet — 24-2 d 
OSinch.—= 9-5 feet — -56 d’ 


The length of the base reduced to feet of O, at the temperature of 62° is thus found to 
be 41640: 9228 feet, and the reduction to the mean level of the sea being -0355 feet, the 
length finally is 41640-8873 feet. 

The base was then verified by means of intermediate points in i line by a Comparative 
Triangulation, which will be found in the original account. The conduct of this measure- 
ment was principally entrusted to Captain Drummond, R.E. 


SALISBURY PLAIN. 


'(14.) In'the year 1849 the base line on Salisbury Plain was remeastired’ with the 
compensation ‘bars. As the-old measured distance could not: be reproduced with sufficient 
accuracy ‘by calculation from the Lough Foyle base, Lieut.-Col. (then Captain) Yolland 
directed, with the‘approval of Colonel Hall, then Superintendent of: the ‘Ordnance Survey, 
the remeasurement of this line with the apparatus used in the measurement of the Irish 
base. This operation was conducted entirely by a party of ‘the Royal Sappers and Miners 
under Serjeant Steel of the same corps, who was’ selected for the duty by Captain Yolland 
as a man quite capable of doing justice to this difficult indertaking. 

The north end of the base is on Beacon Hill, three miles west of the village of 
Amesbury ; the south end near Old Sarum Castle, a milé and a half from Salisbury. The 
guns marking the extremities of the old base were easily found, and having retained: their 
vertical position, and being very firm, it is highly probable they have not moved sensibly 
from the position in which they were placed in 1794. As it was found that the extremities 
of the line were not reciprocally visible, it became necessary to elevate the theodolite at the 
south end by a scaffolding 32 feet high. - The choice of this point in’ the first: instance as 
the extremity of the base line is rather singular, as,:a few yards further on, ‘a higher piece 
of ground affords a much more satisfactory terminus. The muzzles of both guns were 
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fitted tightly with: a: cylindrical plug of. wood, the centre being very carefully marked with 
a brass pin.. Over the Beacon Hill centre was brought: the Ordnance 3-foot. theodolite 
with its. observatory, the instrument being centred in .the usual:manner with a plummet. 
The centreing of the Royal Society’s: theodolite over. the south end was :a little trouble- 
some, on account of the height: of the instrument above the gun; but, finally, by protecting 
carefully the plummet .from currents of air, it was satisfactorily accomplished:. ‘These 
instruments: served to alien the base and connect it with the triangulation.. The observer 
was Serjeant Donelan of the Royal Sappers and: Miners. — | 

The party proceeded fromthe Map. Office, Southampton, on the rst of May 1849, and 
pitched camp on Arrow Down, near Amesbury. The first three weeks were spent’ in 
tracing the line, clearing it of trees, furze, &c., driving pickets for the alionement and:com- 
parisons of bars. The pickets were driven at short intervals at first, and afterwards the 
observer at the ends of the line, taking advantage of particularly favorable circumstances 
of atmosphere, selected those which were more exactly bisected by the vertical plane of the 
base, and the others were rejected. The pickets were from 1-5 to 2-5 inches square, with 
the centre marked on the upper surface. 

The intermediate alignement was made with a portable transit instrument, the telescope 
of which had a magnifying power of 40. This instrument was brought into the base line 
by means of one of the “ point carriers” left on the ground by the bars in their 
measurement, and the signal at the end of the base. As the point carrier was at a 
very short distance and was bisected by means of a small straight-edge erected vertically 
and precisely over the dot, it is evident that the transit was by this means brought with the 
greatest precision into the base line; if the extremity of the line was not visible, the 
furthest picket was used in conjunction with the point carrier, and the final adjustment 
of the transit into line was effected by screws, which gave the instrument a lateral 
Motion on its stand. The transit thus adjusted and scrupulously levelled, aligned the 
centre of the telescopic microscope of cach compensation microscope (a brass pin being 
erected over’ that centre for perfect bisection), when the set of bars and microscopes were 
approximately laid on the trestles. Each microscope was aligned by its own directing 
telescope on a point marked on the transit at a distance from the plane of the axis of its 
telescope equal to the distance between the plane of the axes of a compensation microscope 
and the axis of its directing telescope. 


(15.) The method of measurement was much the same as described at Lough Foyle. 
Preparatory to the laying of a set of bars, a party of two men lay off distances in the line 
of the base of 5 fect and 5 feet 6 inches alternately, which points are to be the centres of 
equilateral triangles, of:17 inches side, formed -by driving pickets thus,— . 
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They then level carefully each set of pickets, and place on each a wooden triangular frame 
(R R’, Plate 11.); having levelled these triangles, they next place on cach a trestle, 
selecting them according to length if the ground be uneven, so that their upper sur- 
faces may be in a horizontal plane nearly. A second party of two men then place on each 
trestle a camel or tripod, LL’, which are aligned by signals from the observer at the 
transit, and carefully levelled, each in itself and with respect to all the others, so that the 
bars may require but little final adjustment with respect to level. The bars are then laid 
on the camels, and levelled individually by a third party. ‘The microscopes ™ are laid by 
the principal operator, and in the meantime the whole is covered by a fourth party with the 
base tents. 

Suppose now the bars and microscopes thus approximately arranged to be in the usual 
order, 


A B CGC D EE G 


M N 0 P Q R S 

The principal first brings the telescopic or centre microscope of M over the point to be 
measured from (on the ground), aligns and levels the microscope, and brings the following 
dot of bar A under the advanced microscope of M. In the meantime one assistant has 
brought the telescopic microscope of N into the base line by signals from the transit, and 
another has brought the preceding end of the bar A into level with the following end. 
The principal then proceeds to the second microscope N, aligns and levels it, and bisects 
the contiguous dots on A and B, whilst the bar B is being levelled, and the microscope O, 
or rather the axis of its telescopic microscope, brought into the line of the base by the two 
assistants ; and so on to the end, when a point carrier is brought accurately to bisection 
under the telescopic microscope of S. The principal then goes over the whole, and revises, 
if necessary, every bisection, level, and alignement. The bars then move forward to the 
trestles which are ready for them in their next position. 

All the different operations here mentioned were invariably performed in the same 
order, for regularity is indispensable in the use of such a complicated apparatus. 

The measurement commenced at the Beacon Hill or northern extremity, and owing to 
the steepness of the hill for some distance, only one or two bars could be laid at a time. 
The slope has a maximum value of about 11°, and disappears at the distance of about 700 
to 800 yards. This was the only troublesome part of the measurement as regards ground. 
Salisbury Plain is very well adapted for the measurement of a base, and a longer line might 
have been selected on it; but it is certain that little if any advantage is gained by the 
measurement of a base of more than six or seven miles, provided it be surrounded 
with very careful triangulation. 


(16.) The comparisons of the compensation bars with each other and with the 
standard O,, were conducted. in the same manner as the comparisons made at the Ordnance 
Map Office, Southampton, in 1845 and 1846, and described in the “ Measurement of the 
Lough Foyle Base.”. ‘T'wo stone pillars (A A’, Plate 111.), about five feet long and one foot 
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square, were sunk tio feet into very firm soil, which was rammed as tightly as possible 
round them, leaving however the upper surface of the adjacent ground not in contact with 
them, so that the movement of the observer could have no effect upon their stability. To 
the upper surface of these pillars, the centres of which were ten feet apart, brass arms ¢?’, 
for carrying the microscopes, were fixed by vertical screws ss’, clamping them to the ends 
of truncated brass cones sunk into the pillars, and run in with plaster of Paris. In order 
to ensure the stability of the bars when under observation, a strong wooden frame B C D, 
braced in the most solid manner, seven feet long, three and a half broad, and rather more 
than a foot high, and having a firm resting on the earth, was placed. between the pillars and 
to the front, the length being exactly parallel to the line of the pillars. The end beams of 
this frame, bc, 5’ c’, were made to act as rails, on which a strong plank E, seven fect nine 
inches long, ten inches broad and three inches thick, was made to slide in a direction trans- 
verse to itself, and therefore perpendicular to the line of the pillars. This motion was 
communicated hy a lever dd’, without communicating the slightest jar or shake to the 
apparatus. Jfquidistant from the extremities of this plank, and five fect apart, were placed 
the tripods I° I” for carrying the bars, their elevation screws passing down through circular 
holes cut in the plank. The bar being then placed on the camels and levelled, could be 
brought by the sliding of the plank, with the greatest ease under the microscopes, the 
ultimate adjustment of its position being effected by the screws ff’ ¢ e’ of the tripods, the 
bar having a longitudinal motion communicated to it by a tangent screw g g, working on 
one of the tripods. The microscopes aa’, one of which had a fixed wire and the other a 
micrometer, were at the commencement of the operations brought to focus over the dots of 
the bar when perfectly level, and firmly secured in that position by means of their screws 
(acting on the supporting arm). In order to bring the surface, carrying the dot, of each 
of the other bars into precisely the same position or focal distance, the levers used in the 
comparisons in 1844-46 were also used in the comparisons on the base line. The arrange- 
ment may be described as follows: to cach of the stone pillars was fixed a bracket 0 0, 
having a knife edge on its upper surface, on which as a fulcrum rested a lever //’, the short 
arm being counterpoised rested with a metallic point on the surface carrying the dot, whilst 
the exact position of the extremity of the longer arm, which was six times the length of 
the shorter, was indicated by a fine line on a post erected for the purpose. Thus after one 
bar was finally adjusted, all the others were brought to exactly the same position as regards 
height and focal distance by bringing the outer extremity of cach of the levers to its mark 
on the post. 

The standard O,, was in every case first brought under the microscope, then the six 
compensation bars in succession, and then the standard again. The temperatures of the bars 
as well as the readings of the micrometer were registered. The standard bar has the bulbs 
of two mercurial thermometers let into it, and the interstice being filled with oil, the 
temperature of the air is avoided. 

With respect to the constancy of the distance between the microscopes during the com- 
parison of one set of bars, it is probable that, mathematically speaking, it was always 
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varying, especially with any rapid change of temperature, but within sucha short-space of 
time as one set-of comparisons (reading of cight bars) would take up, it is probable that the. 
variation would be of so small an amount as not to materially affect any results. -Besides, 
care was taken in the selection of the days for observing, so that changes of temperature - 
within a short space of time were avoided, and the whole apparatus was of course protected - 
by the base tents. The following table contains the comparisons of..the bars withthe - 
standard QO,. 
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2 Observed 
ae MICROMETER READINGS. Temperature of O;. Wea eracis 
1849. | At Com- aa | 
| 0, | A | -B | C | OD | 1D | G | 0; mencement. iene eee | Bidar 
o ° ° 
May 17} 77°0, 93°5 | 154°0 | 159°0 | 107°0 | 142°0 | 82-0 | Gg°0{ Goroo 59°55 60°02 
; 18 | 87:0 192°0 | 256°0 | 252'o | 202°0 | 243°0 | 18470 | g7°0 | 51°60 52°20 51°87 
es 5 0°90 go°o | 150°o | 152° | 9870 | 138°0 |. B1°o |- Bro | 53°00. 1 53°35 | 53°08 
August 2; 148'0 ' 84°5 | 143°0 | 143°0 | I00°O 136°0 | .78'0 | 136°5 | * 69°55 6810 69°28 
, 2 2°O | 105°O | 160°0 | 164°0 | 118°0 156°0 | 97°0| g4°o | 61°60 61°40 62°04 
i » | .94°0 ' 107°0 | 163°0 | 164°0 | 119°O | 157°O |. 94°9 |. Q4°0 |. Gr°25 61°25 | 61°66 
. | 94°0 | 1060 | 164°0  167°0 | 11770 | 158° | 97°0 | Q5°0 | 61°05 | G1t10 |. 61°32 
%9 4| 5°0' 113°0 | 171-0 | 173°0 | 12670 | 163°0 1o7°0 | 13°O; 5r°20 51°65 51°81 
7 a 15°0 116°0o 173"O | 173°O |-125°0 164‘0 105°O | 22°0 |. 51°90 52°65 52°21 . 
ie 5 | 40°0 | 116°0 | 165+7 | 4 o | 122°0 | 160°0 | 1or°O | 66"0 | 54°65 57°20 56°06 
7 » | 840 | 115° | 168°0 | 173°0 | 122° | 160°O | 103°0 | Ior‘o | 59°60 60°*go 60°53 
7 7 570: 1490] 73°0 | 7:0 | 2370} 60r0 2°*5 | 12°5 | 61°40 | 62°70 |.. 62:29 
‘3 » | 1r7°0 | 112°0 | r65°0 | 169°0 | 123°0 | 160°0 g6°0 | 127°0 | 63°00 63°90 63°58 
ie » | 32°01 12°09 | 65°0 | oto |.22°0; 5670 O°O | 32°0 | 64°60 65°15 65°00 
‘ » | 3570) I4°0 63°0 |. 68:07. 25°09 | .58°0 O°0 | . 33°0 65°40 65°15 65°49 
- 6 |° 26°0 | 113'0 | 169°0 | 174°0°| 124°5 166°0 1060 33°9 } 53°05 53°80 53°33 
“ » | 38°O | 11470 | 170°O | 174°O | 124°O 161°0 T0z"5 |. 54°0.| 54°35 55°40 54°88 
. s 74.°O 116°0 169°0 173°0 119°0 yo es 102°O | I00'o | 58°45 60°35 59°63 
‘ | 39°70 | t4°0 | G5'0 | Gg'o | TBrO) 59°O) ~ o'0 | So"0 | Bbroo | 66°95 | 66-87 
» » | 1580 | r12+0 | 16370 | 168-0 | 119° | 15070 | 95"0 | 1640 | 67*60 | 68-45 | + 68-45 
. , | 1780 | 11070 | 165°0 | 167°0 | 118°0 160°0 98°01 179°0 | 69°35 | 6g'95 70°02 
. 1» | T78'0 | 114° | 166°0 | 1680 | 122°0 | 155°O | 97°5 | 1780 | 70°30 70°30 70°63 
» , | 18170 | 112°0 | 16670 | 169°0 | 19°0 | 158°O | 97°5 | 181-5 |. 7a"35 | gor50 | 70°76 
September 18 | 62°5 | 51°0 | 131°9 | 129°0 | 75°0 | TO9°O | S9'0 | Gz-0 | 6310 | G2's0 | 63-03 
a » } gro} §g°0 | r4t°0 | 132°O | 81°O]} 11770} Goro} 48-0} 61°15. | Gr‘o0 61°35 
7 19 | gt!o | 266-0 | 349° | 339°0 | 285°5 | 325°0 | 2695 | 1og'o | 43°60 | 45°05 |- 44°20 
» y | 2075 | 15875 | 23670 | 228°0 | T74°0 | 210°5 | r55-o | 32°35 | ass | 48°75 | 47°79 
; » | §2°0 | 154°0 | 229° | 225°5 | 166°5 | 207°0 | 146-0 | Bs:0) 51°70 | 52°g0 | sarog 
” » | S81*o | 14470 | 229°0 | 218"0 | 161°0 | 202°0 | 1460 | 93°5 | 55°40 | 56°15 | 55-g0 
. » | 9979 | 179°O | 256°5 | 254°0 | 202°0 | 239"9 | -182°0 | 146°0 i 57°35 58°07 
” » | 51°O; 77°9 | 149°0 | 1490 | 99°0 | 136°5 |. 79°5 | 57°09, 59°00 | 59°50 59°48 
as » | 59°09! 79°5 | 160'0 | 149°0 | gg'0 | 1360] 80-5 | 60 51 59°85..; 6oros. 60°21 
20 | 89°0 | 183°5 | 261°0 | 253-0 | gor" | 239°0 -183°5 | 93°0 | 52°50 -| 52°90 |- 52°62 
3 »-| 98'0 | 176°0 | 255°0 | 248-0 193°O | 236°0 | 180°0 | 102°0 | 53°50 | 54°80 54°08 
” » | _6°O | 71'0.| 153°O | 145° | 93°5 | 129°5 | 74°5 | 10°O, 54°60 | 55:00 54°81 
9 9 18:0 | 70° | 148°0 | I40°0 87°0 | 127°0 |. 69°5 | 24°5 | 56°35. 50°90 |. 56°72 
" » | 27°01 67°0 | 145°5 | 139°0 85°o | 124°0 | 65°0 | 28:0 | 57°65 57°90 |. 57°83 
= ‘ 30°90 G4.°0 145°O | 135°0 86°90 125°0 ‘64°0 34°5 58°20 58°60 58 69 
3 » | 33°O | S9°0 | 145°5 | 134°0 82°o | 121°5 | 66°0 | - 34°5 | 58°45 | 53°55 58°78 
‘ » | 35°0! 67°0 | 144°5 | 134-5 | 86-5 | 12370 | 6470} 30°0 , 58°30 | 5809 | 58-45 
3 21 58°o | 176°0 257°0O | 250°O |-197°5 { 234°0 | 179°90 60°90 | “49°59 1 §0°00 49°78 
# _ 68-0 | 175°0 253°O | 246°0 | 196°o | 233°0 | 175°0 2°0 | 50°75 Brees: 50°70 
‘ » | 83°5 | 174°O | 253°0 | 243°0 | 1940 | 232°0 | 175°5 | 93°C} 52°20 | S290 | s2-a7 
7 » | g6'0 | 16g°0 | 248°0 | 236°0 | 187°0 | 228°0 | 172°0 | 106°0 | = §395 55°20 54°54 
October 18] 63°09! 63 0 | 138°0 | 124'0 | 75°09 | 1160 | Go°0 | 67°0: Gr'25 — 61°42 
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116°o | 72°o | 10o9g*O | §3°0 
116°0 |*-70°5 | 106°5 | 49°0 
Irr°o | 7I'o | 106°5 | 46‘o 
169*0 |'122°o | 161*0 | IOL‘o 
162°0 | 117°0 | 1§5°0 | Q5°0 
159°5 | To8°o | 153°0 | 93°5 
158°0 | IIL:0.| 152°0 | 93°90 
Isg°o | LI5*O | 15r°o0 | Q6°o 
161°0 } I10°O | 147°O | 8B8*o 
I40°O | 93°00 | 135°O | = 72°5 
IfI‘o | QI*o | 130°O | 74°0 
139°5 | 93°O | 133°O | 72°0 
136°0 | go‘o | 130°5 | 72°0 
134°0 | go‘a | 126'0 | 6g"0 | 
136°0 | 89'0 | 128'0 | 70'S 
134°0 | gi*o | 127°0 | 68:0 
135°5 | 9g1°O | 130°O | 710 
275°O | 223°0 | 263°0 | 207°0 
272°O | 223°O | 263°0 | 205°0 
271°O | 219°0 | 261°0 | 204°5 
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62°85 


- 63°70 


63°75 


54°40 
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Mean 
Temperature 
reduced 


to | 
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The last column in this Table contains the mean of the thermometer readings of the 
standard bar reduced to the corresponding reading of the standard thermometer used in the 
measurement of the Lough Foyle Base. | 


(17.) These observations have been reduced ‘in the following manner. 


Let X be the distance between the fixed wire of one microscope and that point in the 
other from which the readings of the micrometer commence ; then if m be the mean of the 
readings of the standard (which was observed the first and last of each set); ¢ the mcan of 
eo m, the readings of the compensation bars; 4 the 
expansion for 1° Fahrenheit of O, in micrometer divisions 


the four thermometer readings ; m, 


O,= X+m+ (62-t)2 


AS K+ mm | 
B= X +m, 
Cat a 


Now put X — O,=y,0, -A=vw, O, — B= ,eee- O,~G = x3 then each 
set of comparisons will give the seven equations following :— | 


o=m+art+y 


OoF=m+2,+ Yy 
o=m+%m4+ iY 
O= M+ rery 
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The quantity 2, or the expansion of O, has been shown to be variable in the 
“ Measurement of the Lough loyle Base,” the earlier determinations giving an expansion 
of -o000065 on unity, and the later -coo0061. On using this last determination in the 
above equation for obtaining the differences between the compensation bars and the 
standard, it was obvious at once, from the resulting discrepancies, that the assumed 
expansion was too small. As no observations of the expansion were made about the time 
of the measurement, the best that can be done is to use that expansion which will introduce 
the least discrepancies, 


It, therefore, there be 2 sets of comparisons on the same day, or on two or three suc- 
cessive days, there will be 7” equations for the determination of the 7 + quantities 
<2 eee ie) eee the quantity y being assumed different for each set of com- 
parisons. 


If we solve these equations by the method of least squares, and put 


yw. = the mean of the seven readings in each set successively, 

m == the reading of the standard in each set, 

we, == the mean of the n readings of A, 

%, = the mean of the 2 readings of B, and so on, 

¢ = the mean of all the quantities m or readings of the standard, 
6 = the mean of the 6n readings of the compensation bars, 


then we shall have, the brackets (__) signifying summation, 


o = 7 (afe—m]) + 6(@) (o—8) +6 (S -@)) 


a) ; 
oma thon Ge 

a 
oan tm oe — Os 


sate ge), 


v1 
i 5 (e-8)-i(« +6), 
pone Gle-A)- i +egl) 


te 
H 


Se ey ey yZ=—— Mm ~Y 


= —m,—y = —m, — 7 &a - - - 
ee " P — " ” 


The value of the expansions of the standard bar thus determined, though it may not 
have tue same accuracy as if direct experiments had been made for determining it, is 
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certainly more near the truth at the time than the old determination. Comparisons of 
the bars were made in May, August, September, and October. The comparisons in 
May are not sufficiently numerous to obtain a value of x. Twenty comparisons in August 
give 
43507 = 39477 1» T= 9-07 
Twenty-one comparisons in September give 
20779" = 24712 , 2= 9-23 
Twenty-one comparisons in October give 
4755 t= 44204 5», t= 9°29 
Combining these we get the expansion equal to 9-20 divisions of the micrometer for 


1° Fahrenheit. Now one ene is equal to 12040 divisions, therefore, 9-20 divisions are equal 
to -000037 of a foot, and the bar bemg 10 feet long, gives an expansion of 


-00000637 on unity. 
It seems, therefore, in accordance with these comparisons, that the expansion of the 


standard O, must have increased since 1846, and is approaching again its former expansion, 
namely, -0000065. 


Using the coefficient of expansion as determined above, namely, .00000637, the values 
of the compensation bars at the different periods of comparison will be as follows : 





May. | AUGUST, SEPTEMBER, OcToBEnR. 
Difference. : . : 
Micr. Probable | Mier. Probable Mier. Probable Micr. Probable 
Division. Error, | Division. Error. Division. Error, Division. Error. 
| 





One micrometer division = ;;,; inch. 


(18.) The compensation microscopes were compared with the Ordnance 6-inch Standard 
every week and adjusted if necessary, the readings of each being always recorded. As the 
microscopes were generally very near the state of adjustment in regard to the measure of 
six inches, the total correction of the base line is very small. Itis to be regretted that 
these comparisons were not made oftener in the measurement of the base at Lough Foyle as 
it is probable that from the neglect of this in the first part of the measurement in 1827, 
an error of an inch as a maximum might result in the estimate of the length. The compen- 
sation microscope is a delicate apparatus and even uncareful handling will cause motion in 


222 PRINCIPAL TRIANGULATION. 


the wires; hence::the necessity: for frequent comparison with: the dots of the six-inch 
scale. 


In correcting the length of the brass scale in the following table of microscope equi- 
valents the expansion for one degree of Fahrenheit has been taken at -c000097. 


Microscore EQUIVALENTS, | 


























Sets. M N O | iy Q R 8s 
From | To Value. | No.! Value. No. Value, No. Value. No. Value. No. |} Value. | No.!] Value. No. 
| 

I} Tl (40°53 } 4 |+0°27) 75) — — Ser) ee Sea ae bo 
12 | 38 |—-0°04 | 16 |+-0°98 | 13°5 — — — wt f-tor26 | 4°5 — | —i— 0°27 | 17 

39 | 88 |+2°19 | 48 |+2-7r | 24°5 3°80 | 22) |—-7°79 | 7 |—0'27 | 30°5 j—0 80 | 6 |— o°10 | 45 
89 | 172 '|~2'20 | 84 [42°77 | 82 j— 3°86; 42 = [4+7°532] 84 [—o'54 | 83 |—1°85 | 77 1+ O'44 | 50 
173 | 207 |—5°22 | 35 |+0°67 | 35) | |— 3°89 | 17°5 [42°71 | 35) |—-0°97 | 35 |—2°40 | 35 + 1°26 | 17°5 
208 | 240 |—3'03 | 33 |+1°36 | 33 — — {42°95 | 33 [—1'10 | 33) {0°83} 33] — a 
208 | 216 — |— — — j— 3°48 | 4°5 = — — — eae ge ies = 
20 i aaa a es = ele Oa OF i an — — Sf = — 
218 | 240 | ——- | — — — {+28°82 | 11°5 a = — — me | — oom) ee 
208 | 231, — | — — — — —_ = = —_—_ | — — | — + 1°54 | 12 
232; —if} — |— — — — — — = _— — —: | — |—31°14,| 0°5 
233 | 240 | — | — — — — — == = — = — {—!— o'92 | 4 | 
24 | 259 |—3°73 | 19 j+2°18 | 19 [+ 3°61 | goth 14+3°12 | 19 J—-1°42 | 19) |—orr8 | rg: J— re2zr} grs 
2Go | 268 ||—1°82 | 9 |+2°52 | g j+ 1:65! 6°5 j—2°43 | 7 +O Q {OOS | Ait O750] 4r5 
269 | 313 |—-3°16 | 45 |+1°49 | 45 j— or29 | 45 [8 °OT | 22°5 [1°49 | 45 |—0°64 | 45 [+ 0°72 | 22s | 
314. | 360 |—3°29 | 48 j4+1°96 | 48 [116 | 45 [+ 6°745) 24 [154 | 400) J+ 1°00 | 37 |— 0°43 | 24 
361 | 408 |—3°47 } 49 J-tregt | 4g |— 1°93 1 45 [7°18 | 24°75 [2°08 | gt [+2574 | Ar |— 2°04 | 24c5 
40g | 456 j—3°6r | 48 40°43 | 48 | 0°63 | 48 j+6°76 | 24 [1°95 | 450 |+2°75 | 40 |— 0°99 | 24 
457 | 493 |—-3°12 | 37 |—0°37 | 37 |— 0°37 1 37 {46°66 | 18's [2°36 | 370 |tarrz | 37 |— 1°57 | 18+5 
494.1 574. ||—2°12 | 73 |-o'70 | 82 j-+ 0°26 | 82 [+6708 | 4t | j—2°14 | 82 [+207 | 82 |— 0°37 | 4X 
s7e | Gar l—2°gs | 31 |—1'or | 48) [+ 74a | 47) [45°98 | 240 [170 1 450 [+ac22 | 45 l+ 173 | 24 
22 | 638 |—4°60 | 17 |—oryo | 17 [+ rer6 | 17) [45°66 | 8B j—2-02 | 16. ft2-06 | 15 |— 1-64] 85 


‘The microscopes P. R. fell from their feet to their sides when the box was being removed down the hill, but were | 
not injured. | 


2 The result of some accidental disturbance of the wire plate screws subsequent to June 18th. 


3 This value applies -to set 217 only. Between sets 216 and 217 microscope O was deranged by the wind blowing | 
down the lid of its box. 


4 Applies to set 232 only. Microscope S was disturbed between 231 and 232; after 232 and beforo 233 it was | 
compared. 


s A change took place in P between the evening of the 18th and morning of the 19th of August. 


g102°66 Micrometer divisions = one inch. 


(19.) The following Table contains an abstract of the number of bars and microscopes, 
used in the measurement of the line, 
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ABSTRACT OF THE BARS AND MICROSCOPES IN THE BASE LINE MEASUREMENT ON SALISBURY PLAIN. 


MICROSCOPES, 





| May 23 to 24 I to 4 








4 i ie coe eae) ere ine 2 4 = = = —— 2 
9 24 5 I IT] mf] ame f af ee I O°5 — — — ~— o°5 
% 25 | Gand7 2{ —{| —| —{| —} —]|J—j] 1 — = a a I 
99 . 8 1] 1 — | —-| —| — I O°5 aaa sis poms in O°5 
Oy 26 | 9g to 20 z{ —| —| —| —{| —]} —| 6 eas — — is 6 
9) 30 21 to 24 4 4lo—|—|_—|— 4. 2 — as — eae 2 
” » | _ 25 Eo) ee). eee eee ee ee ey, Oo). ee — — | —f os) 
43 I} 26to2 4 Af — |] —f — | — 4. 2 nae me — ait 2 
June 1 | 30 to 37 8 8 8S] —] — | — 8 4 — fe 4 am 8 
ogy “2s, e 38 I = — =< — — = 0°5 == —= °O°S5 — — 
” - 4 39 to 49 TI I It Paeret . shs eee Il 5°5 ra os 5°5 = Il 
) 6 | 50 8 ky, = Tp me] mf e I O°5 — _— o's | — —— 
“yy “7° 510053 JF 34-43 Ce ee ee es Ce os ce ce —. Se eee ae 3:- 
” ” 54 I I I ie ee Oe I O's I cate oS; — I 
” 55 I as I es eeos es I O°5 Pe sas 0°5 eames ae 
29 ” 56 I I I I —{ — I}. O°5 I — O°5 — I 
” 9 57 I I I es ee I O°5 — ore os; — I 
? ” 58 to 61 - 4 4. 4. —_— |, — 4. 2 4 _". 2. — 4 
9 ”? 62 I —_ — et — —— — 0°5 nme —- O°5 _— —_— 
2» Ir | 63 to 66 4), 4) 41 4] —| —f 4] 2. 4 — 2 —| 4 
9 12 67 I I Tr] —| —| —] 1 O'5 — — ot5 | — I 
33 9 68 to 69 2 z 2 2 — —.| 2 I 2 ome bf — 2 
” ’ 70 I}; — I] —f{ —]| — | I O's —— dis ons | — —_ 
33 33 71 a | Ee tr — — —_ I O°5 — — O's — I 
” 13 | 72 075 4 4 4 A SS 4 2 4 = é =r 4. 
D 4} 76t0o79 |. 4) 41 4] 4] —| —] 4] 2 2 — 4 —| 4 
” SP 80 I I I] 1. I — I O°5 O°5 - I — I 
” 15 SI I I I 1} —|— I O°5 o°5 — I — I 
» 9 82 to 92 10} YO} Io} IO} 10] Io} Io 5 5 Io | 10 | I0} 10 
” 21 | 93 to 104 12 12 12 12 12 12 I2 12 6 I2- “12 6.12 | 
”» 25 105 I I I} mf} — I I I O°5 I — — O°5 
August 10 | 106 to 264 |-159 | 159 | 159 | 159 | 159] 159] 159] 159 | 7o°S} 359 | 159 | 3159] 7975” 
» 22 | 265 t0 344] 80]; 80] 80] 80) 80! 80] 80] 80 80 40 80 So | 40 
’ » | 345 and 346 2 2 2 2) — 2 2 2 2 i ~2 —] or 
9 24 347 I a ae ee ee I I} 1 — O°5 — — O°5 
2 » |348and34g9}° 2] 2) 2 | | — 2 2 2 2 I — — I 
bP ” 350 I I ‘oon - — —— I I J.T , mene O°5 — — O°5 
9 9 351 I I rj] —| — I] ot I I O°5 — — O'5 
9 » | 352 and 353 2 25> 2a kg 2 2 2 2 2 I 2 2 I 
9 25 354 I I I Ij — 1] I I I o°5 I — 0°5 
” ” 355 I I rf —{|— Pe epg I OPS | ae f my 05 
9 356 I I} —{| — | — I I I — O°5 = = 0°5 
2 9 357 I- I Ir] —! — IT] o«t- Es I O°5 — — o°5 
9 » | 358to 383} 27] 27] 27 | 271] 27) 2747 271 27 27 13°5 | 27 27} 13°5 
” » | 384t0 385") 3) 31 3) —| —} 37 3] 3 3 LS A | ee TS 
” 39 | 386 to 389 4 ie eee ee 4 4 4. — 2 pee — 2 =f 
September 1 390 togo5 |] 216 | 16).165 16} 16] 164 16] .16 16 - 8 16 16 8 
” 93 406 ee a es es a ee I I I I O°5 — — 0°5 
” » |407and408}° 2 | -2]/- 2 2 2 2 o4°° 2 2 4 2 2 tr 
” 3 40 —E] orm. rh ay I tr}. I OF — — o°5 
9 ” 410 to 4.14. 5 5 5 5 5 5 5 5 5 2°5 5 5 2°53 
” 436 cp ; I I ij —| — i ie a ee ae : O'S |. cv f = 
” ” 0 4I ome r°5 “3 —— 
" “ 419 :. I : E : : o-5| 1 I o°5 | 
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Abstract of the Bars and Microscopes in the Base Line Measurement on Salisbury Plain—continued. 












Mrcnoscores. 





Date. SETs. 










































| saad 4 |420 and 421 2 2 2 2>— 2 2 2 2 I 2 = I 
4 ee : I I I —_—|;— in a I I O's en = O's 
11 5 t0 ot. 5) 423 to 505 | 1 I 144 | 144 | 144 144 T44 2 I I 2 
October 6 | 566 to 591 iy = 26} 26| 26] 26] — | 26 26 ip 26 oe : 
¥ 10 | 592 to606} 16] 16}; 16] 16; 16} 16] 16] 16 16 8 16 16 e 
‘3 9 607 I I Tf — | — I I I I O's a ue o's 
9 ” 608 I I —_— — a I I I — O°5 ona ne O's | 
r 9 bog I I rt] —| — I I I I O°5 — | —!] og 
Oct. 12 to 16 | Gro to 635 | 26| 26, 26; 26] 26] 26] 26] 26 26 13 26 26) 13 
” 16 636 I I I — | — I I I I o°5 _— — o°s 
” 3 637 I I I I I I I I I O°5 I i O°5 
” ‘ 638 I I I 1}— I I 1 I O°5 I — O'5 
641 | 595 | 602 | 558 | 528 | 560 | 596 | 597°5 ! 480 | 372, | 565) | «521 *5 

















Summation of the Measurement. 


Between May 23d and August 2d we have, putting 5 for a complete set 
16S + 8A + 62B4 5104+ 22D+E+G., 


Where the values of the bars are 


A=0O, + 640d. D=0O, + 16-30d. 
B= 0, + 64-35 d. E=0, + 54°50 d. 
C = O, + 66-65 d. G= O, + 4:35 d. 


Between August roth and September 18th 
209 S + 27A+4+27B + 200+ 8D 4 oG, 


Where the values of the bars are 


A=0O,+ 5:00d. D = O, + 19-204. 
B= O, + 71-85 d. E= O, + 57-15.d. 
C= 0, + 69-55 d. G=0,-— o-6od, 


Between September 21st and October 18th 
1165+ 31A+5B+430C+27D426E + 31G, 


Where the values of the bars are 


A=O0,— reed, D = O, + 18:30 d. 
B= O, + 78-cod. Ii = O, + 56-god. 
C= 0, + 67-85 d, G=0,-— o4sd. 


So that the whole distance measured by the bars is equal to 
3484 O, + 123956 d. 
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And the value of one division of the micrometer is +. of an inch, so that the above 
distance is equal to 





34840-8579 feet of O,. 


The summation of the distance measured by the microscopes is 


3484: (6-inch Standard) + 101 d. 





The micrometer divisions are equal —+, of an inch; so that the above is equal to 


1742-0009 feet of 6-inch Standard, 


which, converted into feet of the standard O, by the factor -99995550, given at page Io1 of 
the “ Mcasurement of the Lough Foyle Base,” is 


1741-9234 feet of Q,. 


~The whole measured distance is therefore 36582-7813 feet. Irom this must be deducted 
4:2938 feet measured back to the extremity of the base from the point carrier at the 
extremity of the 3484th bar. This measure was carefully made with a beam compass. 


Reduction to Mean Level of the Sea. 
(21.) If h, be the height of any bar above the mean level of the sea, the correction 


toit is—10-5 “¥ so that the whole reduction to the mean level of the sea is 


= (hy) 


— 10-5 ——“h feet. 





¢ 


The quantity = (h,,) is obtained from the levelled heights and the recorded differences of 

heights of the different sets of bars; it is equal to 1254220-38 feet. The logarithm of the 
radius of curvature-for the mean latitude (51°. 8’. 21”) and mean bearing (28°. 29’- 16") 
of the base is 7: 3206329; hence, the reduction to the level of the sea is —-6294 of a foot. 


The following Table contains the height above the mean level of the sea of each set 
of bars used in the measurement. 
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ABSTRACT OF THE HEIGHTS OF-THE SUCCESSIVE Parts OF THE LINE ABOVE MEAN LEVEL OF THE SEA. 





O7I°o! 
668° 44 
666°14 
663° 24 
660°06 
657°00 
654°5° 
651°97 
649°11 


645°98 | 


643°27 
641° 33 
639° 33 
636°60 
634°43 
632°64 
630°6! 
628°55 
626°91 
624°52 
624°92 
624°17 
621°29 
618°62 
616° 34 
614° 44 


G12°1s 


610° 34 
608°13 
606°06 
603° 35 
600°60 
597°50 
§94°9° 


592°16 | 


589°57 


586°78 | 


584°18 
§83°12 
580°46 
§78°12 
575°60 
573° 26 


Height. 





489°05 


485°96 


482°82 
479°59 
470° 52 
473°37 
470°20 
467 +96 
464°93 
460°93 
458°97 
456°45 
450°94 
456°43 
453°29 
453°82 
454° 30 
454°18 
453°55 


| 432° 31: 
453°79 


453°60 
452°35 


451°43 | 


450°77 
450°09 
449° 62 
449° 39 
448° 76 


1196 


1203 


No. 
of | Height. 
et. 


146, 442°89 
1471 440°67 
148) 438-89 
149 | 437°90 
150 | 435°13 
151 | 433°68 
152) 432°07 
153] 430°28 
154| 428°95 
155 | 427°39 
156| 425°96 
157 | 423°50 
158} 421°32 
159) 419° 14 
pce 417°70 

416° 40 
162) 413°89 


1163] 412°30 
410°72. 


165 | 409° 33 


166| 408°71. 


407°08 
168 | 405°05 
169] 403°54 
402°74 
401° 70 
400°83 
398° 25 
396°47 
393°50 
393°97 
393°04 
391°42 
389°72 
| 388°82 
387°93 
387°25 
385°78 
384°32 
382°71 


379°95 
378*10 
376°82 
376°37 
376°17 
376°34 
375°79 
376°07 
377°25 
378°62 


195 


197 
198 
199 
200 
201 
202 


379° 39 
38o0°1r 
380° 74 
381I‘10 
381°45 
381° 76 
382°11 
205 | 382°29 
206{ 382°54 
207| 382°86 
208 | 382°38 
209 | 381°S8o0 
210 
211} 381° 32 


204 


}212 | 380°62 


213| 380°31 
2141 380°18 
215 | 380°05 
216; 380°13 
217 | 380°11 





186| 382°23 
187 | 380°72- 


382°00 |. 
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380°47 
380°95 


381°52 | 


382°08 
383°66 
384°12 
384°42 
385°54 
386°16 
386° 33 
386°86 
386°94 
387°08 
387°24 
387°28 
386°91 
386°83 


387° 20 | 
387°60 | 


388° 35 
389°07 
389° O4 
389° 56 
390°61 


391° 64 


392°O1 
392°67 
393°64 
394° 74 
395°80 


396°83 


397°75 
398°62 
399°32 
399°89 
400° 32 
400°60 
400°7! 
400° 33 
400°O7 
403°03 
402°63 
402°17 
401°Q2 
401°55 
399°93 
398° 69 
397°25 
396°87 
395°60 
393°52 
392°22 
390°5!1 
388° 53 
387°64 
387°66 
386° 35 
385°84 


385°68 | 
385°49 


384° 46 
383°57 
382°80 
382°47 
381°23 
380°82 
379° 23 
378°97 
376°98 
375°45 
374°55 
372°84 


ese TS 
4 es foe 


321 
322 


2 360°03 
323, 357°95 


1324, 357°68 





325 | 386°85 
326 | 356°14 
327 | 355°63 
328 | 355°59 
329 ©355°°9 


$339, 354° 24 


331 | 353°35 
332; 352°49 
333 | 351°55 
334; 350°99 
335 | 350°190 
336 348°55 
337 | 347°61 
338 ; 346°67 
339. 344°89 
| 343°1r 
341 | 341°52 
342 | 339°53 
| 337°62 
335°00 
345; 331°66 
346| 328°12 
324°62 
248 | 321°38 
317°99 
350) 314°56 
351) 311° 24 
3st 309°20 
353 | 310°09 
354} 313°37 
355) 316°78 
356} 320°04 
357! 323°38 
358 | 326°55 
358a, 329°17 
359 330°73 








360) 331°94 





No. 
of | Height. 


369) 331°66 
370, 330°80 
371 | 329°94 
372 | 329°38 
373 | 528°81 
374 | 328°27 
375 | 327°73 
370} 326°05 
377 | 325°43 
378] 324°89 
379 | 323°25 
380! 321°71 
381 | 320°86 
382 318°49 
383 | 316°36 
384! 313°22 
385 | 309°98 


er 





138sa° 300°59 


303°26 
387 | 300°06 
388 | 296°77 
389 , 293°78 
390; 290°44 
391} 287°55 
392| 287°03 
393 | 287°42 
394 288°68 
395 | 289°57 
396! 290°46 
397| 290°95 
398 | 290°85 
399 | 290°31 
400; 288°63 
401| 286°71 
402] 284°18 
403 | 281°57 
404; 278°72 
405 | 280°07 
406) 282°48 
407 | 285°96 
408} 288°81 
409, 291°O4 
410: 295°1s 
411j 298°1t 
412] 301°58 
413| 304°69 
414) 307°65 
415] 311°06 
416| 313°78 
417] 316°79 
418 | 319°47 
419 
420 
421 
422 
423 
424 
425 
420 
427 
428 
429 
4390 
431 


386 





325 41 
328°61 
331°9! 
335°27 
337°99 
340° 23 
342°4! 
345°42 
347°O2 
348° 23 
348°81 
349°53 
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Mean Height = 360’ 00 feet. 
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322°48 


of | Height. 
Set. 


349° 94 
350°60 
350°47 
350° 42 
350°18 
350°06 
349°87 
349°18 
347° 64 
346° 10 
345°27 
"343°71 
342°81 
340°47 
338°94 
337°31 
335°76 
333°67 
331°36 
451] 329°21 
328°29 
327° 38 
327°69 
327°98 
456) 328°76 
330° 37 
33°0°90 

4 331°25 
331°30 
461 | 330°46 
329°61 
328°76 
328°25 
327° 39 
327° 30 
326°86 
325°84 
324°89 
325° 54 
471 | 325°90 
326° 51 
473 | 327°78 
329°71 
475; 331°05 
| 331°95 
333°41 
335°16 
| 336°62 
480 | 339°35 
| B42" 31 
343° 52 
483 | 344°23 
| 345°46 





486 | 347°35 

347° 23 
347°83 
348° 20 
| 347°70 
491 | 346°72 
492) 344°61 
493 | 344°26 
494) 343°O4 
495 | 341° 24 
496} 339°88 
497 | 338°21 
400) 335°47 
499  332°83 
§00 | 330° 34 
501 327°51 
302 | 325°40 
ae8 324°45 








| 346° 78 


No. 
of | Height. 
Set. . 


= 


504 
595 
506 
5°07 
508 
509 


323° 52 
322°55 
321°49 
320°99 
320'03 
319° 10 
318*30 
317°96 
317° 52 
317°67 
317°16 
316° 63 
316°17 
315°28 
314°32 


| 312°42 


312°36 
311°88 
310°99 
309°3! 
308° 37 
307° 44 
395°99 
304° 40 
303° 69 
302°65 
300°90 
299°89 
297°7% 
29 5°67 
293°78 
292°24 
290° 36 
288-12 
286° 52 
28.4°41 
282°17 
280° 59 
279°64 
277°77 
275°81 
274°74 
272°47 
270° 54 
268°478 
266°29 
263°85 
263°06 
262°82 
262°35 
203°21 
263°17 
262° 64 
261°go 
261° 14 
260° 36 
258°67 
256°95 
255°25 
254° 26 
252°38 
251°55 
249°45 
247°83 
240°17 
244°23 
242°30 
241°29 
239°7 

238° 21 


236°43 


234° 43 


No, 


of | Height. 


Set. 


575 
576 
577 
578 








233°41 
232°47 
230°83 
239°79 
230°O5 
229° 74 
229°02 
228°I0 
227°76 
227° 42 
226°53 
226°45 
226° 39 
225°57 
225°65 
225 °42 
226°03 
220°74 


229°78 


229° 32 


230°30. 


231°43 
232°52 
234°06 


233°97 | 


233°63 
234° 04 


.233°28 


231°09 
229° 34 
227°92 
227°59 
229°56 


; 232°14 


234° 64 
237°61 
240°32 
241°93 
244.°.42 
245° 56 
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The final length of the line stands therefore thus : 


SALISBURY PLAIN BASE. 
1849, ~~ 





Measured with Compensation Bars - - + + «+ ~ 348408579 
Measured with Compensation Microscopes + + + + 17419234 
Measured back with Beam Compass: + + © © © = 4:2938 
Reduction to Level of Sea» + © © © © «© © © = 0:6294: | 


“Length of Base Line in feet of O, .« - 36577-8581 
Log = 4°5632182708 
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SECTION VI. 





PRINCIPLES OF CALCULATION. 


In a triangulation in which the distances are short and the triangles very small, the 
necessary calculations can be made with very little labour, as the terms of the formule 
employed depending on the higher powers of the distances become insensible ; but when, as 
in the triangulation of Great Britain and Ireland, the distances are long, often approaching 
to and sometimes exceeding 100 miles, it becomes necessary to examine into the sufficiency 
of the formule employed, and to make sure that the small terms neglected cannot lead to 
any final defect. ‘The present section contains an exposition of those principles upon which 
all the methods of calculation are based. 


§ I. 


1. Let a and 8 be the’ semi-axes of the spheroid, so that the equation of the meri- 
dian js, 


z and y being the distances of any point in the meridian from the polar axis and from the 
plane of the equator; then, if a be the latitude of the point 2 y, 


du — dw? du*\ 4 A du = du? du? x 
x — a y? y = GC, Y : $ : 
ms — ( at + bs )s Cos A b? as -+- bt sin A 


Multiply these last equations by a and 6, and by x and y, and add: 
a?cos? 4 + b?sin?A4 = (=, + A, ees («cos % + y sin A) 


and by substitution in the preceding, 


_ a? cos A b? sin A 
(a? cos? +- b? sin? a)’ Y = (a? costa + Bein? aye 


or, if we make use of the excentricity, and put 1 —e?sin?a = A’, then the values of 
zx and 7 are, 


a a : 
% = cos A y = 5 (1 — e) sina (1) 


If ¢ be the radius of curvature of the meridian at the same point, then gda= ds, s being 
the length of the meridian curve, and we have 








= 
Ba, 
é 
Ai 
i 
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ot = — 9 sin A OY = 9 cos a 
multiplying these equations by — y and 2, and adding 
dy da 72 fy 
2 a nr ac 


Zeosa + ysna  °  (acos?a + b’sin® a)t 


But expressing the ratio of x to y, we find 





2 
ig (2). = ge tot" a 
o= a’? |? =2 (1 —e?) (2) 
(a? cos? A + J? sin? A)? A? 


The logarithm of A, which is a quantity of frequent occurrence, may be obtained as follows : 
if we put 





ee er 
ath 
then it follows that , 
(1+ n)A=(1 + 2? + 22008 2A)h (3) 


= (1 - me*¥—)k (1 + ne BV=8 


‘log (x +nyA= = {n (g2V-" a ge ~2A¥—1) ee Maver a g-4Av—1) ce .} 
log A= — log (1 +n) + M(neos2a—“cosqa +...) a. ee) 


the term of this series in 2 can only affect the tenth figure of the logarithm, and is con- 
sequently not required. 


The portion of the normal to the curve at the point x y, intercepted between that point 
and the minor axis, is evidently equal to x seca, so that if we call this quantity N, 


Nice = 
A 


2. If the ordinate of the point 1 y be produced to meet a circle described upon the 
major axis of the ellipse as diameter, and a straight line be drawn joining this point of 
Intersection, with the centre of the ellipse, the inclination of this line to the major axis 
is called the reduced latitude; and if we designate it by u, the following relations exist 
between w and a :— 


(5) 


cosa = Acosuz 


(1 — e)tsina = aca 
A,A = (1-¢)3 


Where A, is the same function of w that A is of a. 
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§ II. 
On the mutual relation of two points on the surface of a spheroid. 


3. Let @, «’ be the reciprocal azimuths* of two points P Q on a spheroid, /& the chord 
line joining them, or their rectilinear distance ; », »’, the angles made by the chord with the 
normals of P Q, so that go° — 4, 90° — ’, are the mutual depressions of these points, 
a, a’, », their latitudes and difference of longitude, and 


the equation of the surface: then if the plane of «2 be made to pass through P, the 
co-ordinates of P and Q will be 


a@ a . 
v= — COSA ya (O za — (I —e’) sina 
x las x (i) 

a : a : 
x2 = — cos r’ cos yf = — cos rn’ sinw 2 =X (te?) sind’ 
A aim qr-*) 


Let now fg / be the direction-cosines of the normal to that plane which contains the line 
of the vertical at P and passes through Q, and whose inclination to the meridian of P is «; 
let also 1m n, Ul’ m’ n’, be the direction-cosines of the normal at P, and of the tangent to the 
surface at P, which is contained in the plane passing through Q: then since the first line 
(fg h) is perpendicular to cach of the other two, and to the chord line & whose direction- 
cosines are proportional to 2’ — x, y' — y, 2’ — 2, we have these three equations :— 
f (x/—2) + gy +h (2 ~z) =o 

fl +gm+in =o 

fl + gm +hn'=0 
Now if we eliminate fg / from these equations and substitute the following values, 


i= cosa m=O 
v= —sinaAcose n! = sin a 


m= sina 
n’ = COS a COSA 
there will result 


(a’ — x) sin A sin z + y' cosa — (z’—z) cosa sin a = 0 


The substitution of the values of xz, 2’ y’ 2’, in’ this equation will give immediately the 


value of | cot «; and if we put ¢ 2’, for the corresponding azimuths on a sphere, or on the 
supposition ¢ = o, the following equations will exist :— 


——— Se egy eg SC TO 


* In the figure page (236) let PM, QN, be the normals to the surface at the points P, Q, meeting tho axis of 
revolution OC in M,N. Join PQ; draw MH, NK parallel respectively to QN, PM, and join PH, QK. Then 
a, the azimuth of Q at P, is the inclination of tho planes PMQ, PMO, and a’, the azimuth of P at Q, is the 
inclination of the planes QNK, QNO. The inclination of the planes PMH, PMO, is the azimuth % in equation 


(6); the inclination of the planes QNH, QNO, is equal to %’ in the same set of equations. The angle 
QPM = », PMN =F’. | 
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ca , | — cos A m ‘Q 
cote —cotl = e? 
$ cos cosa’ A 
| cos 4’ Q (6) 
cot a’ — cot 2% e? 
meta . ne cosa A’ 


A’ sina— Asin’ = sinw-Q 


4. These azimuths* may also be obtained in the following manner: from Q let fall a 
perpendicular upon the meridian plane of P, and from P let fall a perpendicular upon the 
meridian plane of Q; then the following equations will become evident :— 


eneee = a cos A’ gin w 


that of . (7) 
z 
Now in any surface, w= 0, we have 
Ba a + — ah + 2) 
~ Ly | 
(W—2) Se i -NZ+e-aF 





~— C = 
“ (a 4 we Ey 
dx? dy J dz? 
=) Bt -S +e AE 
/ : a 
oe p (ee ur? , du? \% 
‘(Gat ce ae +) 
iat 
In the present instance therefore, if we put 1 _st _ aie — Of 
i fe —2z\? 
ge aU ~01(=5*) 
a 
CO HS FT AU 


cos p/ = <A’U 








* From the convexity of the earth, the supposition of two points on the surface being mutually visible is 
imaginary. If, instead of Q, a point S vertically above it, at the height 4, be observed at P, then the influence 
of this upon the obsorved azimuth may be thus ascertained :—Join S with M, the foot of the normal at P 
(see figure, page 236). This line, being sensibly parallel to QM, will intersect the meridian of Q at the 
distance # x sin MQN from Q; but if s, a, be the length and azimuth of the line, 4 the mean latitude, 


sin MQN = e? = cos a cos? x. The influence of this small meridian distance on the azimuth at P is equal 
A x sin MQN X sina -s, Or == e? sin 2a cos? ~. This quantity is very small; in the latitude of. Great 


Britain its maximum amount is about an eighticth of a second for every thousand feet of height. — 
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By putting v* for the third side of a spherical triangle, of which two sides are QO" — t, 
go° — w’, and the included angle «, and using a subsidiary angle ¢, such that 





, 
e ° v . uu — i , 
sin $ sin — = e sin —_—— cos ~ + u 
2 2, 2 


af 


we obtain from the preceding three. equations and (7) the following set, 


_ ov 
k=m2asin-~cos ¢ 


. ov 
cos p = A sin = sec 4 


(8) 


oD 
cos p’ = A’sin — see ¢ 
2 
e s a , * 
sin #2 sine = z cos wv’ sin w 
t 


bad / e , a s 

SID eB SIna = i COS 4% SIN w 
These equations determine the distance, mutual depressions and azimuths of any two points 
on the surface of a spheroid.7 


5. Hitherto we have considered only the chord or rectilmear distance of P and Q, we 
proceed now to obtain the distance as measured along either of the curves formed by the 
intersection of the vertical planes at P and Q with the surface. If we take the curve formed 
by the plane vertical at P, and measure x along the tangent to the curve at P, and y parallel 
to the vertical line at P, then the equation of the curve is 


e? ; 


— _ Sina cosa cosa + ¥? (1 + 


€ 
2 





cos? A cos? «) — 2 ry 








sin? A) — 2—-y=0 


= 
A 





Le ee ewe pnp freee 


. e ~ a . * bo 
* By substituting the values of 2, 2’, z, =, in terms of w and win the value of U, 
U = I — cos 2 cos v! cos » — sin 2 sin 2! 


—_ eee 
= I— cosv¥ = 2 sin?— v 
, 2 


-_ 


+The direct distance between two points on a spheroid whose Jatitudes and difference of longitude 
are 2, A', «, is most readily calculated by the following formula :—Put 


o a) 
Q? = cosarcosn sins = 


I—e? , NedA 


tan ¢é =-—————_ sIn -——— 
p Q A 2 
then 
k 2Q 
a (aay 


which is very convenient for calculation when tables of log A are at hand, and is true to 9 places of decimals 
for a distance of more than 2°. A, is the value of A corresponding to the mean latitude of the two stations. 
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From this equation we may deduce the value of the radius of curvature of the vertical 


e e ‘ e ° e e Lv 
section at the point P, for it is the limit of the ratio — as x and y become zero ; therefore 


ay 
if be this radius, 
| : e? 


I—e’ 





cos? « cos? A) (9) 


which gives the curvature of the surface for any latitude and azimuth. 


® e 


We may write the equation of the curve in the form 
r+ fsin? @-r+hsin20-*%—gsin8 =o 
and then assuming 
O=ar+pPr+y+ ...- 


we shall have, by forming the values of sin 6, sin 24, sin’4, and substituting them in 
the equation of the curve, 


7 2h 
eg ; Bar os 
—~ T+ 6ft+ 241? 


6 93 


Also, since ds* = dr? + 17 d 6", we have oa =i (oS) a (5) 


art LCG (re) 3 (-E) ) 
ro ar tart gyh teres 


Substituting this last equation in the preceding, we obtain sin terms of aBy---; and 
finally, by substituting for « 6 y their values given above, 


ee ee es igen ces 


24. Lt? SI eT cl (10) 
in which last equation & is the chord P Q, and s the length of the elliptical arc. Similarly, 
ifs’ be the length of the elliptic curve formed by the plane which is vertical at Q and 
passes through P, a’ the latitude of Q, and 180° ~ &’ the azimuth of P at Q, 


ks goat 
a4 Gsok * 76 Ris 8% ls i | (11) 


vmkh+ 
these Curves may be taken as equal in length, differing only from the shortest line by 4 
quantity quite imperceptible for arcs of only a small number of degrees in length. 


_ 
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6. The term in ¢ 4 im either of these series is very small, it may amount to 2 feet in 

500 miles: we may therefore reject both the terms in ¢’, and consider the remainder of the 

expression in cither equation as the true length of the curve. The term in ée &¢ will, 

however, disappear by adding the two equations, and if R, be the radius of curvature. of 

the surface for the mean latitude a, = 4 (a+ 2’), and the mean azimuth e, = 4 (a+ 2’), 
the length of the curve will be 

3 RS (1 + ne? 
eae ad shirt) cass (12) 


Where 7 1s a function of « and a. As in every case of actual calculation, we may put 2 = 0, 


it follows that | 
tg (5) = aa (2) 1 + sa5 (ze) |] 9) 


M . 
10g = 42575731 


7. We shall illustrate these formule in the calculation of an exact spheroidal triangle 
which may be useful in the examination of approximate methods of calculation :—Let it be 
required to find the relative distances, azimuths, and depressions of three points A BC, 
given by their astronomical positions as follows :— 


oe om o’ o,= o° 6’ 
A; — 52° 30° W, — o 15/ 
Ay = 53° 30° ws = 4° 30" 


Let the chords AB=k,, BC =k, OC A=&,, the corresponding curve distances being 
c, a, b. Lit tha ctentvot A eg, of BA = 7’, of BC =a, of CB=a, of CA=B, 
of AC =’. Let also the complements of the depressions (7), reckoned in 1 the s same order 
as the azimuths, be p, b's ba a bs K's 

Let the semi-axes of the surface be 20923713 and 20853810 he then we haye 


log a = 7+3206387544;_ log b = 7°3191854123; . log ¢ = 8-9120804964. 
log A, = 9:9990986767 ; log A, = 9-9990863878 ; log A, = 9-9990619836: 


Tf. 2,, Uz) Us, be the reduced latitudes, then, since a tana = 0 tan wu, we find, 
t= oh 54 eater U, = 52° 24! 267-4893. Uy = 53° 24° 29-7927 


and if v, be the third. side of a spherical triangle, of which tivo sides are go” ~u, and 
gO — Us, including the angle w, —w,; v,, v, having a similar meaning, we shall find by 
spherical trigonometry 


log sin = = 8.0387964746 log sin = ~ = §. 4341719716 log sin = + = 8.2537431052 
The subsidiary angles ¢ equation (8) are next found, giving | 
log cos $; = 9°9996635530 log cos, = 99998760943 log cos, = 9-9999676821 





‘ 
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YF neat Deeb oe a Se 


PRINCIPLES OF CALCULATION. 235 
- * Phe ‘rectilinear distances of the three points are now derived immediately from the 
equation : oe - ate se mt oe sts 


es Dv 
h= 2a 8in = cos $ 


adding the corresponding logarithms, there results 
log k, = 5-6601287778 log k, = 6-0557168159 log hk, = 5:8754027338 
Also from the equations 
cos. = Asin ~ seep: cos p’ = A’ sin ~ see ¢ 


by adding the corresponding logarithms, we find 

GO — fey = O° 37! 3274392 2 GO — By = 1° 33’ 154660 : go—p, = 1° 1! 32-5164 

QO — py’ == 0° 37" 323136 90 — we,’ = 1° 33' 159389 : go—p,’= 1° 1 324102 
which are the reciprocal depressions : the first line gives the depressions of C at B, A at C, 
and B at A; the second line the reverse depressions, namely of Bat C, Cat A, and 
AatBo | | OG 
Equations (8) give 
acosu’ , @ COS u 


sina = sin w sin a! = ———— 
Asin pz k sin p 





,sin w 


from which we have finally, counting the azimuths from north round by east and south, 
a = 36° 31 19"-744 B = 243° 1 21577 Y = 74 38' 48195 
a’ = 217 31 13 +793 p’= 59 26 22 812 = 257 13 0 +arI 
 =6horR RR, BR, R, be the radii of curvature for the mean latitude and mean azimuth of each 
line, | 7 a * & 
Jog R, = 7+3208918 _ log Ry = 7-3213011 log R, = 7-3214816 
whence by means of equation (13) we get 


: a b , € | 
log a= 0000086311 ~— log i. 0000532748 = log i, =  +0000231964 
and thence . 

log a = 5:6601374089 log b= 60557400907 log c = §-8754027338 


The angles and sides of the spheroidal triangle are, therefore, 


:: 15 12 266314 a= 457232-83 feet. 
B= 139 18 19-533 b = 113702520 35, 
C= 25 30 7-784 C= 75058993. 35 


Dalby’s Theorem. 


8. By a series of reductions from the equations (6), the following result may be, 
obtained :— | 


abate tl a(v—ajeotasina =. OM) 
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A short computation will show that the small quantity on the right-hand side of this 


equation can never amount to even the ten-thousandth part of a second, which is, prac- 


tically speaking, zero; consequently the sum of the spheroidal is equal to the sum of the 
spherical azimuths, whence we obtain the following important theorem :—If a a’ be the 


latitudes of two points on the surface of a spheroid, » their difference of longitude, « «’ their 
reciprocal azimuths, 





ae er eae “(15) 





9. From the inaccuracies of the results obtained from the use of this equation in 
the determination of the difference of longitude of Beachy Head and Dunnose, in the first 
volume of the “Account of the Trigonometrical Survey,” and the imperfection of the 
demonstration there given, doubts have been thrown upon the truth of this equation, and 
therefore the following proof is here given: 


Let PQ be the two points, their verticals intersecting the 
axis of revolution OC in M,N. Draw MH, NK parallel to 
QN, PM respectively, and jom QM, PN, QP, HP, QK: 
then the spheroidal azimuths are QPMO and PQNO; the 
former exceeds the corresponding spherical azimuth HPMO 
by the angle QPMH, while the latter is less than the corre- 
sponding spherical azimuth KQNO by the angle PQNK: 
therefore the sum of the spheroidal azimuths exceeds the sum 
of the spherical azimuths by the excess of the angle QPMH 
above the angle PQNK. Let now D be the distance of the 
. parallel planes PMH, QKN, and let U, V, be the lengths of 
the perpendiculars from Q upon PM and from P upon QN 
respectively, then, if E be the quantity in question, 





sin QPMH = > ; sin PQNK = z= 


 B=D(y-y) 





* This equation has been the subject of considerable discussion, and has been characterised by a high 
mathematical authority as the “ greatest delusion that has ever prevailed in practical mathematics.” In a series 
of papers published in the Philosophical Magazine for July, October, and December 1828, Mr. Ivory -denies 
the truth of the theorem, and maintains that the longitude obtained by this method should be multiplied by 

1+ te cost (A +2). Dr. Tiarks, in the same journal for the month of November, proves the theorem true; 


and in January and February of the following year Mr, Ivory corrects his own error, and proves the theorem 
gonerally true for other surfaees of revolution. 


stn nn = SOS, a Aa ARR A i ES ATT AAEM pT a RES AE EEN = 
mes 





} 
i 
4 
: 
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But D is less than MN which is equal to ¢? (sin ~’ — sin A), taking the semi-axis of the 
spheroid as unity, and neglecting higher powers of e*, therefore ‘D is less than ¢ k, and. 
consequently, since U = & sin p, V = k sin p’, 


Ee < é? (sin p’ — sinp) < =e h(n! — pn) 


because cos p = 1} k approximately. — since from equations (8) A’ cosp= Acosp, 
we have A’ (1 + (pe! —p.) tan p) = 
po — B= ~k(A— 4’) 


but A — A’ is clearly less than 3 ¢? /, and therefore 
B<geks 


which for a distance k of 150 miles is less than -o0005 of a second. , 


§ II. 


Theory of Spheroidal Triangles. 


to. In order that a spheroidal triangle may be rigorously defined, it is necessary 
that the nature of the lines joining the three points forming the vertices of the triangle 
should be expressed. It is evident that if we take two points A, B, on a spheroid, and 
make one plane to contain the vertical line through A and to pass through B, and make 
another plane containing the vertical line through B to pass through A, these planes, being 
inclined to each other at a definite angle, will cut the surface in two distinct plane curves. 
A variety of curves, very nearly plane curves, may be drawn between the two points and 
contained between the two plane curves just mentioned; such, for instance, is the curve 
which may be theoretically imagined to be traced in measuring a base line, in which the 
plane which is determined at each point by the direction of measurement and the vertical 
at that point, passes through the extremity of the base measured to. If we designate by 
P and Q respectively the curves formed by the intersection with the surface of the vertical 
planes at A and B, then the curve line just considered will touch P at A and Qat B. If 
a line were traced in such a manner that at every point in it the sum of the azimuths of the 
fixed extremities should be exactly 180°, or, which is the same thing, that the point should 
be apparently in a direct line between the stations, the curve so formed, being the 
intersection of a hyperbolic cylinder with the spheroid, will also touch P at A and Q at B: 
it has also this property, that it is nearer at every point to the straight line joining A and 
B than any other curve, but yet is not the shortest line that can be traced on the surface. 
If we suppose the celestial zeniths of A and B to be joined by a great circle, and take all 
those points on the surface which have their zeniths in this great circle, a curve different 
from either of the preceding-will be formed. ‘This curve has been sometimes confounded 
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with the geodetic or shortest curve between A and B, it is, however, a plane curve ; for since 
at each point in it the normal to the surface is parallel to a given plane, the tangent plane 
to the surface at every point must be parallel to a given line, and therefore generates a 
cylindrical surface whose line of contact with the spheroid lies in a plane passing through 
the centre of the latter. The curve does not, however, lie between P and Q. 


11. But the curve which has generally been considered in reference to spheroidal 
triangles is the geodetic or shortest line. A distinguishing property of this curve is, that 
at every point the sine of the azimuth of the line is inversely proportional to the distance 
of that point from the axis of revolution. It lies entirely between P and Q, and, if we 
neglect quantities of the order ¢? 6, § being the distance of A and B, makes at A an angle 
with P equal to the angle it makes with Q at B, each of these angles being equal to one 
third of the angle of intersection of P and Q. The difference of length of the geodetic 
line and either of the curves P, Q is 


§ 


s? . 
360 (e 2 cos? A sin 2a )? 


where « is the azimuth of the line, s its length, ~ the latitude, and a the semi-axis major 
(Bessel, Astronomische Nachrichten, No. 330). ‘This quantity 1s so minute as to be quite 
inappreciable; therefore, as far as length is concerned, either of the plane curves P, Q may 
be taken as the side of the triangle. : 


12, The greatest distance apart of the curves P, Q may be easily obtained thus: 
if a be the mean latitude of A and B, 6 the difference of latitude, the distance apart of 
the intersections of their normals with the minor axis Is, neglecting e*, = 2 ae* sin 4. cosa: 
let now a meridian plane be drawn bisecting the chord AB, and let the portion of this 
meridian intercepted by the curves P, Q be 2, then it will be evident, by considering the 
lines of intersection of this meridian plane with the two vertical planes at A and B, that 


oo 


. iit 
——_————- = 2e* sIn — 2 
a vers39 he 


and since we may put with sufficient approximation © cos a = sin} $, a being the mean 
- 3 | 


azimuth of the line, 


c= Pies Cos? A | 
= a Os cos & 


2 


ool m<) 


the greatest distance of the curves is 2 sin a, and therefore equal to 
Be 
16 
This quantity is so small, that fora line of 100 miles in length, inclined at 45° to the 
meridian in the latitude of Great Britain, it will-only amount to half an inch, whilst for a 
line of 50 miles 1t cannot surpass the sixteenth part of an inch. | 


2 

2 $ 2 es 

é = cos ASIN 24a 
a 
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_ 13. We now proceed to find the. angle subtended at the point H of intersection of 
the vertical line AH with the axis of revolution, by any given distance s measured from 
A along the curve of intersection of the plane AHB with the surface of the spheroid. 


Let P be the extremity of the are s, and let the required angle AHP = 6. Let also 
a be the azimuth of the plane AHB, a the latitude of A, and the angle between HP and 
the plane of the equator ; put HA = v, HP =7, then from properties of the ellipse it may 
be shown that : ; 


e? , ; 
rvs — a (7 sin ¢ — vsin A)? 





From this equation we may obtain, neglecting quantities of the order e* (6 — r)s, 


s v2 (ai . . 
2I1—¢ - ) 


also, by spherical trigonometry, 


sind = sinAcos@ + cosAsin 6 cos « 


and by substitution in the preceding equation we get 
“1+ PO + Q64 nae 
I @é A a 
P= i ep gett acos’ a (16) 
e? : | 
- —— , cosesin 2A 
41—e 


which determines the nature of the curve. 


Now 
S(t) ate, mt 
= 2 mt op — 7 eae > de? 


1 fdr 2 . er 
= (3) = 2v P98 + 6vPQ6 

S 5 T P I 
S pT OF SP (rt PPO + 7 Q(r+ 6QVH +... (17) 


and by reversing the series, 


(r+ a) eee (18) 


-” 


14. We must now find an expression for the value of a perpéndicular from the 
extremity of the curve s to the normal v, in terms of s and its ratio toe, the mean 
radius of curvature of the surface at A. We have already shown the value of the radius 


3 ; sae 
of curvature on the meridian to be a (1 — e?) A~ = and that perpendicular to the meridian 
is equal to the normal, for if an indefinitely small arc be drawn perpendicular to the 
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meridian the normals at its extremities will intersect on the axis of revolution ; therefore if 
_ be a mean proportional between the principal radii of curvature, 


Bane a? (1 — ¢*) 
= (1 — e? sin? A)? 


The perpendicular in question is equal to | 
: = > 92 Le Saar Te gee P = 
rsn@=v(1+P@+Q6 + - «) sin (+ ; } 


omitting the higher powers of e*; continuing the reduction 








53 5S 
rsn@d@==s5— —— = ee 
sin $ Qe B3+u , (2 4P) < 2:3+4-5-v4 
sin= = 5 + = _ 
nr ee meee 
; nus 3 O/T 1a At $$ I I 
rsin@d—esin- = — (—— a a) el 
og 8 : rang (v g* 
$3 
= — — eCOS?7ACOS 24 +f 6 « 
2°3°9 
; _ pen S _ es ; : 
rsin @ = esin ; (x oe 2a) | (19) 


in which expression terms of the order e* s* are neglected ; also, if terms of the order e? s* be 
neglected, as they may, e may be considered evidently as belonging to any point whose 
distance from A is of tlie order s. 


15. Let A BC be three points on the surface of a spheroid, a bc their mutual dis- 
tances, which may be considered as measured in each case either along the shortest line or 
along one of the plane curves. Supposing all azimuths measured from north round by east, 
let vy 7’ be the azimuths of B at A, and A at B, « o the azimuths of C at B, and of B at C, 
B P’ the azimuths of A at C, and of C at A. 

Let H K be the intersections, with the minor axis, of the normals of A ina B, and 
lt BKC=§,AHC=6,KC=7,HC=r,HA=v, K B=’; let alsoh be the 
perpendicular from C upon the plane which is vertical at A passing through B, h’ the 
perpendicular from C upon the plane which is vertical at B passing through A; then 


h=r'sin@ sinA ; h’ — r sin 6 éin B 


sin A _hr sind (20) 
sinB Wr’ sin O sin @’ 


Irom cquation (19.), if we take-e for the centre of the triangle, 





rsin@ = esinS (x — 0 COS 7A, cos ae) 
ae ee ee ODP obs 
r’ sin &’ = oe sin ~(3 ae Cos 7A, cos 28 ) 
sin= | | | 
inA | ; 
.". —F =_—F (1 — x2 (a? cos 2a — 5? cos 28) cos "ho ) (21) 
aa $ 





} 
\ 
| 
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in which @, is the latitude of the centre of the triangle. Ife =o 
sin A sin Z = sin Bsin ~ 
@ 9 


16. It remains now to find the ratio of the perpendiculars hi’. Taking the point A 
on the plane of x z, let the equation of the vertical plane at A passing through B be 





h fg 
I I I \% 
( 5 + Vi 2 2) 
I I cy, 2 tre fo 1 \t 
ff ve?cosA 7 kk” ve*sindA ’ g (4, a i) oe 
h=(x a y 2 Asin Asi 
= j ; j e?ucos Asin ASIN y 


A similar expression gives h’. If now we put c o’ for the spherical azimuths corresponding 
to y 7’, we shall find, after some lengthened reductions, 


h sin y sin o” (1 + Qe) 
_ => € 
A’ giny’sine 





Q = (sin A’ — sin A) sin (7 — A) COSA — sin ¢ cos A sin (o’ — B) cos A’ 
sinc sin A sina sin B sine sin 3 
from which finally 
h ae 
je> I— we Sin 2y COS 7A, cot C (22) 


This same result may be obtained, and more réadily, thus: Let a plane pass through the 
three points A, B, C, intersecting the surface in an ellipse of very small excentricity, and 
which may for the present purpose be taken as a circle; the centre of this circle will be 
distant 4-c-cot C from A B, so that if » be the inclination of this mtersecting plane to either 
of the vertical planes at A and B, 


cotp = — 5p cor. 


also, if i be the inclination of the vertical planes to each other, 
ix é = sin 2y Cos? A 


But the ratio of the perpendiculars is determined by the relation h = h’ (1 + 7% cot p-), and if 


in this expression we substitute the values of é and p, equation (22) is reproduced. 
Hh | 
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17. Having now obtained an expression for the value of the ratio h : h’, equation (21) 
becomes by the substitution of this expression 








sin A sin = e? cos? A | 
<5 = ft + Ae (— at cos 2a + b* cos 28 — 3 c*sin ay cot C.) } 
sin — g 


Now in the small quantity within the inner bracket we may neglect all quantities of a 
smaller order, so that we may take 


C= —a+ 6+ 180° 
B=—y+a— 180° 
A=—B+y¥-+ 180° 


supposing C to be on the north side of A B and intermediate to A and B in longitude. By 
means of these equations the quantity within the bracket may be transformed to 


2 a C (sin ay cos (a — 8) + 2sIin (a + e)) . 


Hence we have the following set of equations :-— 


sin A sin a 
sin B sind 


sin B _ sind ee (} + na (cos (8 — x) sin 2a -+ 2,sin (6 +7))} (23) 


sin sin GQ sinc 


sin C _ sine alean ne )} 
sin A sing (1 + Ho(e08 Oy ios prea a) 


I + pe (cos (a — 8) sin 27 + asin (a + 8) } 





where 





the unit of length being the radius of mean curvature. 


18. From these fundamental equations of Spheroidal Trigonometry we may deduce 
the errors of the two sides a and 4, as determined by Spherical Trigonometry from a given 
side c, and the angles of a spheroidal triangle A BC; they are im fact 


€g = — hab { cos (7 — a)sin 28 + 2sin(y + a) 
¢ = + pab { cos (6 — y)sin 2a + 2sin(6 + y)} 
which again may be put in the form 


e, == — pabk sin (2y + 9) 


e = + pabh'sin (27+ ¢’) (24) 





ee 


7 pe erm = po 


Eee peal seaman ati agi 


wee as 
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in which 
k = (4cos* A + cos* B + 4cos’C)t 
hk’ = (cos? A + 4.cos? B + 4.cos? C)t 
k sing = cos BsinzA — asin B 
— }’sin ¢’ = cos Asin2B — asinA 


19. We have now reduced the expressions for the errors in the solution of spheroidal 
triangles by spherical trigonometry to their simplest form, and it remains to examine the 
limits within which these errors are confined. If we take any triangle of which the sides 
are a bc and the angles -A B C, having also a mean latitude a,, and place it with respect 


to the meridian.in such a position that 27 +o = - 7 Or = iz, then the resulting error of 
the side a, as calculated by spherical trigonometry from the side ¢, is 


e abe 
— —— (037 Xr eh 
12sin C : 


if the same triangle were so placed in azimuth that 2 y + o’ = > 7 OF = 3, then the side 5 


would be affected with the greatest error, which is equal to 


ec abe 
12 sin C 





cos? A, +h’ 


Therefore a limit to which the error can never amount is (since k < 3) 


12 sin C 7 

which depends solely upon the length of the sides and the acuteness or obtuseness of the 
angle C. . * | 

In order to obtain an idea of the actual magnitude of this quantity, let us suppose a 
triangle of larger dimensions and more ill-shaped than any that would probably ever be 
actually solved, for example A = 21°, B = 146°, C = 13°, a = 124 miles, b= 196 miles, 
c = 80 miles, then the error in calculating either of the long sides from the shorter side 
could not amount to 1-6 feet. If we had taken a triangle of the same shape but smaller 
dimensions, say 93, 147, 60 miles, the limit of error would be found to be under 8 inches ; 
but even this triangle is more unfavourable than any in the triangulation of Great 
Britain. | 


In general the spheroidal error varies as the square of the cosine of the latitude, it 
Increases with the departure of the triangle from the “ well-conditioned ” or equilateral form,. 
and in two similar triangles the errors are as the cubes. of the homologous sides. 

| Hh 2 
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The following Table exhibits the greatest errors that could result in the calculation by 
Spherical Trigonometry of several large triangles :-— 














Angles. Sides in Miles, | Error in Feet in | 

No. | 

A B | Cc a | bo | e | a b 

ak WA ieee Gael ee ile aaa coeaien) ! 

rj 30° | 39° | x11? | 64 79, 119g 09 09 | 
2 59 92 2 104 122 59 22, 20 
3 85 | 42 | 53 143 | 97 116 | +20 27 
4. 30 | 1I0 40 94 176 , 120 50 Al 
5 2 140 17 gO 146 . 66 57 54 
6 35 | 178 27 120 184 | 95 31 71 
7} 17 | 3138 | 25 | 130 | 303 94 | 3-46 | 3:19 
8 | 112 4I 29 324 228 - 162 3°83 4°36 
9 17 | 153 IO 190 302 120 7°82 6:67 





Legendre’s Theorem. 





zo, Having now proved that the errors resulting from the solution of spheroidal 
triangles by Spherical ‘Trigonometry are inconsiderable, we proceed to consider the solution 
of spherical triangles. 

In the earlier operations of the Trigonometrical Survey, the triangles were calculated 
by the chord method; this has been for many years discontinued, and in place of it 
Legendre’s theorem has been exclusively adopted. This simple and elegant method, 
though of less prima facie accuracy than the chord method, is sufficiently near the truth for 
calculations of almost any degree of exactitude, and is of very easy application. 

In large triangles, however, the accuracy of the result will both depend on the value 
of the spherical excess adopted, and on the shape and magnitude of the triangle. 

If we put y for one third of the spherical excess adopted, then x, the correction to the 
side @ calculated from the side c, will be 


Sk Rem lle Fin} nr mmm ka bmi 


— tn -1f/er,, SIN A sin (A — p) 
x = sin (sine <"% tO eee 





and expanding into series the quantities 
sina  sin(A — pz) 
sine’ sin(C — #) 
and substituting for cot C — cot A its value 


ve — : ete ts) 
ait ( _ 12 
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there results 








c? — a? cc — a? Q? = 4c? 


f absinG = — 60 


6 
a? — 43 
= ta(e—@) (5, ee mo :) (25) 





If now we calculate » by the formula 

B= 7 ao sinCo (2) 
(r being the radius of the sphere which we have hitherto assumed to be unity) the errors of 
the sides a and 8 thus calculated will be 
) 3x 70 


eee aes 2 72 
ée,=—-al(’?—a 360 


(26) 


hb? — 92 
a= be —¥) Ie 


If C’ be the angle C reduced by 1} of the spherical excess, then 


sin C’ * a+ b?— c? 


sinC 12 


and consequently if » be calculated by the formula 
p= ‘ a sin C’ | (6) 


the errors in @ and 0 will be 

207 + 5)? + 2c’ 
360 

2b? +- 5a? + 2c? 
360 


eé, =a(c? — a’) 
(27) 
a= b (c? — b?) 


Again, if the true spherical excess be used, 
sin sin Y sin C 
. 3h 2° 2 
sn “2 = Pane = eee 
cos za 
7 1 ; e+  ¢ 
R= = absin C (1 aie iad +5) 


6 
z ab sin C’(x + ete) (y) 


if this value of p, which | is true to the order of terms included, be used, the errors in 
a and 8 will ene 


5 


é,= —al(e— ii eee i 
720 (28) 
= — b (ec? — 0) Base te 


720 
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These errors are rather smaller than in either of the preceding cases, and may be altogether 
neglected even in triangles of sides of 200 or 300 miles. This supposes the spherical 
excess to be true to terms of the order of ct. 


21. To take a numerical case, suppose the side c= 60 miles, a = 220 miles, 
b = 180 miles, then, using a radius of 4,000 miles, 


A= +055 b= +045 c= -O15 
e 2 3 b 
360 (c? — a?) = — 9-036 fect, ae (c?~ 2) = — 4-789 feet, 


and the errors in the three cases expressed in feet will be as follows : 


(2) , (8) (7) 
¢, = + -068 €, = — +150 €, = — +031 
C, = + -026 é, = — :0903 €, = — +030 


If we had taken a triangle whose sides are 120, 440, and 360 miles, the errors would have 
been evidently the above multiplied by 25 or 32, giving 


(2) (8) (7) 
C, = + 2-176 €, = — 4:800 Cg = — 0-992 
€, = + 0-832 ao==— 2°976 so 0-960 


From these considerations it is clear that Legendre’s Theorem may be applied 
without appreciable error to spheroidal triangles of much larger size than it is ever 
necessary to compute. 


§. IV. 


Latitudes, Longitudes, and Azimuths. 


22. Let a be the latitude of the given point A; s,«, the distance and azimuth of a 
point B, whose latitude and longitude are required, together with the meridional bearing of 
the given point A. Let H be the point of intersection of the vertical at A with the axis of 
revolution, andlet A H=v,B H=r, AH B= 64; then if be the difference of longitude, 
® the inclination of 7 to the plane of the equator, the threc lines HI A, H B, H P, (P being 
the north pole of the earth,) will form a spherical triangle of which the sides are 90° — a, 
go° — >, 4; the angle included by the first and second is «, that by the first and third a, that 
by the second and third is nearly but not quite equal to the azimuth e’ of A at B. 


e 
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By equation (18) we have, neglecting P*, which is quite admissible, 


cos? A cos? a (=) 
Uv 





— ge? 
Me’? $\2 
0087 A costa (= 
61—e v 


ele 
~ Are 


(29) 


which determines 6 with accuracy sufficient for any purpose; indeed, the second term is so 
small that for a distance of a degree along the meridian it only corresponds to a quantity 
less than six tenths of an inch, therefore for ordinary distances s = v 4. 


Now the two sides 6 and go” — 4 with the included angle will give by spherical 
trigonometry ¢ and w, and we may find ’ the latitude of B thus: join B with the centre 
of the spheroid and let a, be the geocentric latitude of B, then : 


tana, _ rsing —ve'sinaA 
tan d rsin d 


a? v sin A 
/ — =o = EE 
tan A" = =, tan dp (: aan 3) (30) 


This is the only direct expression for 4’, and the ratio of v to x may be assumed equal 
to unity, unless great accuracy is required, when from (16) 


v M 2 @ 
- 


2 COs* A COS? & 





which is a minute quantity, and quickly estimated. 


Having thus obtained ”’ and «, the value of «’ is expressed by equation (15), viz. : 








~ AHA 
a! + 2 §in 3 w 
Mm A 2 
cos 
2 


23. Tor actual calculation, however, the following method is preferable: Let a’ + 5 
be the third angle of the spherical triangle just considered, then if x = go° ~ a, we have by 
spherical trigonometry 


tan + (@’ + {+ w) = EE cot ta 
. L =f 7 
tan (@! +E — a) = EES cot ta (31) 


sin + (a + ¢ — a) 


mista 


tani (@—A) = 


We may determine the quantity in the following manner: Let K be the intersection of 
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the normal of B with the axis of revolution, then from the spherical triangle determined by 
the lines BA, BH, BK, 
sin («’ + %) _ sin ABK _ HB sin sin ABK 


sin a’ sin ABH ~ HA sin BAH 
, 7 snp 
1+ § cote ~ p sin p 


Now neglecting quantities of the order ¢’ 6, sin p’ = sin; therefore from equation (16) 
1 e @ | 


arr 





,cos*A sin 2¢ | (32) 


This quantity ¢ is so small as not to amount to a tenth of a second even in a distance of a 
hundred miles. It remains now to find the difference of latitudes a’— a, which depends 
upon the 


‘Distance of Parallels. 


24. From equation (29) it follows that the distance of parallels of A and B is equal 
to v(d —A) { I—n(> — ay} . The quantity 6 —~ Is obtained from the third equation 
of (31); writing it in the form 

tant (p — aA) = Atant9 


and substituting for the tangents their equivalent — we find 


aa Sh G+: (1 = 18) + E38) 





The term in 6 will be generally insensible, and therefore we may put 
g—x=ko(1+2 0-H) 


and since s = v bf 1—2(¢ —A)? a we shall have, by replacing the value of &, and putting 
S for the distance of the parallels of A and B, 


_ sin t(e’ + §— a) Goa’ — a 
er rae pred ee Pad ae (33) 


This equation is also equivalent to the — 


_ sin +(a’ — a) 3a 
a ea area) t+ S cos 4 ze) | 
So .. (34) 
B=1+ 2 cos? A | J 


25. The difference of latitudes may be obtained by dividing the meridian distancc by 
the radius of curvature of the meridian for the mean of the extreme latitudes. To prove 








eee = 


rea 
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this, let a distance s, be taken along the meridian from a point whose latitude is a to a point 
whose latitude is 4 +- } @, then 
ds\ « d’s cu? a3 s a3 
em (5) 2 (Sa) 1-223 (a3) 1+2+3+23 - 
and ifs’ be the length ‘of the meridian curve measured in the opposite direction to a point 
whose latitude isa —}« 





3 


ds\ «a d?s5 a? ds as 
“4 ——— — ooo A 
aa (5) a (a) 1-2-2? (a) [2.328 
ds I /d3s 
e | M * #® e 
-S ts = ix) aay: =) as +. 


But . e 
$s $s 5 
5) — oe) (53) — 3 € @ cos 2A -|- ° 


neglecting the higher powers of ¢*; therefore if s be the length of an are of meridian 
whose amplitude is «, g the radius of curvature for a the mean of the terminal latitudes, 
S=ea-+e (2)°e cos 2.4 


| (35) 
ax ; _ (<)'e COS 2A 


This correction is generally extremely small, vanishing altogether at the latitude of 45°. 
In an arc of m degrees whose middle latitude is 60°, it amounts only to 7 X -046 feet, 
and it is therefore seldom necessary to use the term in e’. 


26. The following set of equations, therefore, contains the whole solution of the problem 
of geodetic latitudes and longitudes when great accuracy is required :— 








cost(x —O) a 
an 4 (a! 2 cot. 
tan 4 (a@’ + w + %) eee 0) 5 
epee. _ sind (x — @) a 
tan + (a w + o) = sin Gee 8) cot ~ 
es af a a © cos? 4 (a! —a)) 
: “= osm t(@ fate) Paag 1 (@— a) (36) 
6= = (1 ae cos? A cos? « ) 
Vv 61—é 
t=? aU coe ange? 
4 I1—e 


She ee ee ee 
* By extending the value of this quantity, so as to include terms of the order e? 63, it becomes .-. ---~-——- 
I e @ oe | 
goes 
4 1—e 
due to Mr. O'Farrell of this office. 


cos? +(A/ + A) sin («’ — a) 





Ti 
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The equation s =-v-6'may generally be taken without correction. Thesmall quantity 
in seconds may be obtained from the following table, by multiplying: the quantity corre- 
sponding to the given latitude and azimuth by the square of the number of degrees in 4. 
















Values of : 


e? ; 
_ 57 cos A gin 2 
— € 





AZIMUTH a. 


8° | 82° |72° 16°| 74° |20° 


eee | ge eee | ees | eeemersetieiny | Re -ctemeeteiteeme | er 









































ee | ree | egeenpemies | enema 





In illustrating the working of these formula, we shall take the side A C ofthe spheroidal 
triangle worked in Art. (7.), and assume the length of the side, namely 1137025-201 feet 
(214 miles); the latitude of A 52° 0’; and the azimuth of C 59° 26’ 22”.8116.; from 
these data determine the latitude and longitude of C and the bearing of A at C. 


We have then given 
A = 52° of a = 59° 26" 22-8116 log s = 6:0557700907 


to find 2’ a’ w. If we express 6 in ia then 


log 3 = log eee ————- +. 0004862 (A: A cos os A)? ¥ 


Any approximate knowledge of A 4, the difference of latitude, is sufficient for this 
calculation ; in the present instance Aa = 1° 30’, the work then stands thus :— 


* Tho logarithms of (vs sin 1”)~! and (¢ sin”)~? are tabulated in the “ Account of the Measurement of the 
Lough Foyle Base, by Licut. -Co]. Yolland, R.E. ;” the semi-axes of the spheroid being 20923713 and 208 53810 


fect. 





TREE Ara RAE ge AREER SERRE RINE er recente elene TNT Ae Yetta TT — 


wer ere ge 
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‘Const. -- 4:6868 —- - logs = 6-0557700907 
sin?A A+ 68359 (vein 1”) -- 79928850557 
COS? A ** 9°5787 | = ee 1262. 
log 1262 == 3*1013 | 40486552726 
O = 3° 6 257-4967 
Se = 0) = 17 26 47-2517 COS ** 99795472525 sin ++ 9-4768525580 
4(% + 6) = 20 33 127484 sec.e+ 0:0285643261 COS ** 0+-4545907919 
+& = 29 43 11+4058 cot ** 0:2434788810 cot «+ 0-2434788810 
tan *+* 0+2515904596 tan ++ 01749222309 
L (a! + £+-w)= 60° 44’ 193689 = Tab. f= +035 a’ = 116° 58’ 38-4016 
1 (a’ + §—w) = 56° 14’ 197-3687 oC = +336 w= 4° 30’ 0.0002 
ier £- a) = 28 4b Fg630 sin ++ 9 6829056659 == Canst. = F-gag 7529 
(a! + $+ a) = 88 12 30-7746 COB ** 0:0002123196 ? ++ 80973105 
S °+ 6°0557700907 cos? 1 (a’ — a) ++ 9-8855714 
0-0000817777 * 8 5°9126348 


(@ sin 1”)? 79939338561 © 
—- 3*7323937100 
N—A= I 29’ 599994 = A = 53° 29" 5979994 


27. In the case of a long line running very nearly m the meridian, such as from 
Dunnose to Arbury, the simplest method is to add a small correction to the actual length 
to reduce it to the meridian distance; for when « is small, if ¢ be the projection of § on the 
meridian plane of A, 


@—f£= tan? — sin 20 = 


Also putting — 7 = 6 — 7 — 4, we have 


sin @ = sin (A + &) = 


cos & | 
sin (A + 6 — x) = sin (A + 6— Ww) (1 — tan &) 
z=y(rt tan 8 tan (a + 6)) 





therefore, S being the distance of the parallels 
| e sin @ cosa. (37) 


S=s—2v tanr?— ——— 
2 cos (A + @) 


~ 


the longitude and azimuth «’ will then follow from the relations 


ee sin @ sina 7 

~ cos (A + 8 — 2) 
sin 1 (a’ + A) 
cos 4 (X’ — A) 
Ti 2 


(38) 


180° —~a—e¢ =o 
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28. When the distance s does not exceed 40 or 50 miles, the following method is 
used. Take a point P, on the meridian of A, so that the angle B P,A shall bea right angle, 
and let a, be the latitude of P,; take also on the same meridian another point P having the 
same latitude »’ with B. Let AP, =g, BP, =p, and let x be the radius of mean curvature 
for the triangle A BP,; then 





ww pa ie 











sin 2 
= r Pe 1+ Sp 
sin — 
cOoS¢e = a (x _ = } 
Ss 57 
tan— 


: S Ge wk 
=ssnaeati-—--—-— cos? a) ; =— $ COS « (1 = ——— sin? «| 
P ( 6 7" . > 7 Tv 37? 


And if w be the difference of longitude of A and B, we have 


* : 2 wo? 
v’ cos A’ 6 v? 6 





ssine 2 s? sin? a 5k 
oO = ——_ (x at 4- 7 sec? a’ (ce) 
v' cos d/ 6 7? 6r 


It is easily shown that the difference of latitude of P and P, is 


A, ~— N= s-. sin? « tan A,_ 
ar 
if therefore g be the radius of curvature of the meridian for the middle point between 
A and P, 


s ae Se ug | 
’—- A=— cosa (I + — sin? «) — —sin?« tana (8) 
g NU 37 an 


From equation (10), ify be the convergence of meridians, 
y _ sin 3(v + A) 
2 cos A’ — A) 
oY sin 2(A’ + A) (1 4 Ww? ==) 


" wo ~ cos (Ai — A) 12 


Feces, eck aie $ Ss? sin? a | 
- ¥= wo S51N as I + or 24 a) ) (y) 


tan tan 
2 











Now, m being the modulus of the common system of logarithms, put 


Ms? : a 
ga = Ss fsintaag 3 gsc’ =h 
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then 
Cos a 
log (A, — A) = log ani? + 29 

P s? sin? @ tana, 

MT AS oe sin 1 
ae? (39) 

§ 51n a 


\af4h 


3f—-g9 
4. 


lone: (ae ( ee 
o ©\ v’ cos A’ sin 1” 


/ 
lor vy = log (w sin 2 -|- 


29. The following is an example of the working of this formula :— Given the latitude 
of A, and the distance and azimuth of B, 
A = 52° 42 51"-617 
log s = 5+3700394 
e359 57 2714) 


to find the latitude and longitude, a’, w of B and the back azimuth «’ of A; the work stands 
thus :— 


log s ++ 5+3700394 1-2185 log s ++ 5-3700394 0-37122 
COS 2++9-Q08Ig13 log s?-+0-7401 sin @ -*9-7687753 s? sin? « ++ 0+27763 

















(esin 1")-?+-7+9938649 sec AT + +0+2.228849 tan A,++0-12658 
2g 62 log f ++1+9586 9 (v'sin1”)-*- - 7-9928023 

sin? 4-1-5376 f th —3 57-963 ++0-77543 
3°2721018 —-—--—— 

Ay A == O° BL IL" 121 log g++1-4962 3°354.5016++ ++ = O° 37’ 42-047 © 

— 5963 sec7A’ «4458 sin + (A’ +A) 9-9021965 
W—A= O° BY 57158 logh++1-9420 3(3f—g) 60 

32507401 ++ ++¥ = 0° 30" 57-943 


The logarithm 1-2185 may be taken constant for all latitudes; the logarithm 
©-37122 is the logarithm of (2 7? sin 1”)-': it varies slowly with the latitude, but may 
be taken as constant for all latitudes when great accuracy is not required. 


rd 
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§ V. 
Combination of Observations made at different ‘Stations. 


30. It is essential that, in every triangulation from which accurate results are 
required, the number of bearings observed should considerably exceed the number that is 
absolutely necessary for the fixation of all the points, and every observed bearing over and 
above that number must be considered as adding weight to the determinations of the 
relative positions and distances of the stations, and to the general results that may be 
deduced. If the observations were free from error, then any supernumerary bearings would 
be quite unnecessary, as all the points being once determined, the distance of any two, 
or the angle subtended by any two at a third point, could be calculated. But when 
the observations are increased so as to admit of a result being obtained by using different 
sets of observed quantities, then each different method of calculation will afford a different 
value of the quantity sought. The values thus obtained will exhibit differences which are 
functions of the errors of observation, and the magnitude of which will afford a general 
estimate of the accuracy, or rather inaccuracy, of the triangulation. And inasmuch as 
every result that can be arrived at by more than one series of observed quantities will be 
affected in a greater or less degree by the same discrepancies, the question becomes, in 
general, how to render the triangulation consistent with itself, or, to find that consistent 
triangulation which shall most nearly represent or be represented by all the observations ; 
the question thus turns upon greatest probability, and is solved by the method of feast 
squares, a result of the theory of probabilities. 


31. In by far the greater portion of the extensive triangulations that have been 
effected in connection with the determination of the figure of the earth, no general method 
has been followed in dispersing the discrepancies, so that the results are within certain 
limits arbitrary. It has, however, in almost every instance been customary to make the 
sum of the three observed angles of a triangle equal to 180°, or rather, if the triangle be 
very large, to-calculate the spherical excess and then to alter the -observed angles until 


their sum shall be equal 180° + the “ spherical excess.” In some cases these alterations or. 


corrections to the three angles of each triangle have been'-made according to the relative 
degrees of dependence—in the opinion of the observer—to be placed upon the observed 
values of the angles, and in others this arbitrary apportionment has been avoided, and the 
residual error of each triangle divided evenly among the angles. In the earlier calculations 
of the triangulation for the Indian arc by Colonel Lambton, the error of each triangle 
was so divided that each angle received a correction proportioned to its magnitude, a 
method that cannot be supported on any principle. In more modern calculations, the 
errors of each triangle have generally been divided more correctly into parts inversely 
proportional to the calculated weights of the angles. 


But the adjustment of cach triangle in itself is not the solution of the problem, as 
there are other conditions to be fulfilled which present a practical difficulty not so easily 
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overcome as the adjustment. of triangles considered individually. Besides the necessity 
that the sum: of: the-angles of every triangle should make up a known quantity, it is as 
necessary that the sum of the observed angles* round the horizon at any point should 
together make up 360°, and also that the length of any side may be the same by whatever 
route it may be calculated. 


32. The complete solution of the problem, to determine the most probable corrections 
to the observed bearings or angles of a network of triangulation, which appears to be due 
to Bessel, is an application of the ‘method of least squares” invented by Gauss. Irom 
the extremely laborious nature of the calculations, very few applications of the theory to 
actual triangulations have been yet made; the principal instances will be found in Bessel’s 
account of his measurement of an Arc in Prussia, and in the calculation of the Arc in 
Lapland by Rosenberger, in No. 121 and 122 of the Astronomische Nachrichten. 


Lheory of most probable Corrections. 


. 33. The following results of the theory of probabilities are those most applicable to 
the calculation of geodetical results :— 


(A.) Ifa series of direct and independent observations be made under similar circum- 
stances of a quantity 2, then the weight of the result is equal to the number of observations, 
divided by twice the mean of the squares of the differences of the individual observations 
from the mean or average of all the observations ; thus, suppose 72, 7%, m,... . im, to be 
the observed values of 7, and mm their mean, then the weight of this determination of ., is 


a SE, eee ee 
(m — m,)?+(m—m,)?+ ++ + + (m—m,)? 2p 


where » 1s the mean square of the errors. ‘The corresponding probable error 1s 


p= 674 (8) = 47 (5) 


so that the weight is inversely as the square of the probable error. The nature of the 
‘ probable error’ may be defined as being such that it is an even chance that the truth will 
lie between the limits m+ p and m—», or that the chances of the error exceeding or 
falling short of p without vespect to sign, are equal. 


(B.) The probable error of.a quantity which is a function of several observed elements, 
is equal to the square root of the sum of the squares of the probable errors that would 
arise from each of the observed elements taken separately. Thus if u be a function of 
Se 


* That is, supposing the angles to be independently observed, which is not the case in the Ordnance Survey. 
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the observed quantities 7, 2,.,... . of which the probable errors are e, e, e,... then 
the probable errors that would result in w from each of the wv’s taken separately would be 


du du du 


Tv t a ee NE 
dz, dz, 2 dx, 3 


* bl e 


and the probable error of u, 


d=, dw .,,dwv , 4 


Ifux a, +, +4%,... . then we should have 


e=(e2? +e? +e7 + +--+ -)t 


and if w be the weight of the determination of w it will follow that 


(C.) Ifa By. ..be the observed values of the quantities 4.BC ... which are 
connected by certain necessary relations, then the most probable values of 4 BC... 
are those which render the quantity 

U=w, (A — ay) + v, (B— BY +0; (C— y)? + 


an absolute minimum; w, w,w,. . . . being the weights ofa By... . respectively. 


From (B) we may draw immediately the following conclusions:—The weight of an 


angle which,is the sum or difference of two observed angles is the reciprocal of the sum 
of the reciprocals of the weights of the observed angles. If two base lines be measured 
under similar circumstances and with the same apparatus, the probable errors of the 
measurement will be as the square roots of the lengths, and the weights will be inversely 
as the lengths. 

Asan example of the application of this principle, suppose it required to find the 
probable errors in the sides @ 6 of a triangle as calculated from the measured base ¢ and 
tke observed angles 4 and B, and let y « 8 be the respective probable errors of the three 
last quantities ; then 





ae sin 4 

~ “sin (da + B) 
da _a da b da __acos@ 
coc dd sinG dB sinC 


and therefore the probable error of a is equal to 


_ a, Ba a B cos? Oh 
( ies sin? C sin? C ) 








woke wee ers a 
Terre eter manera nee 
- 


tee. 
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consequently if we put * for the ratio of the probable error of ¢ to c, the probable errors 
of a and 6 will be 


¢, = (a x)? + («bcosec C)? + (a B cot cy)" 
¢, = ((é x)? +- (a8 cosec C)? + (a dcot cy)’ 


the errors therefore increase rapidly as the angle C approaches zero or 27. 


Again; let it be required to determine the probable errors of x and y as obtained from 
the equations ! 
axz+by+m =o 
ax+Uy +m =o 
at 4. by 4. m’ =o 
m m’ m”... being the results of independent observations. The most probable values of 
z and y are | 
es (ab) (Sm) — (7) (am) | _ (ab) (am) — (a?) (bm) 

— oc ian oe ce ¥y See ee ee + 

(a?) (0°) — (ab)? (a*) (8°) — (ab)? 


which, making (a?) (2?) — (ab)? = Q, may be put in the form 
= a m{ (ab) b — (b*) a} + m! {(ab) b’ — (U4) By pve. -) 





a G m{(ab) a — (a?) b} + m’ {(ab) a’ — (a*)a’} ++ - 23 -) 


Now, assuming the probable errors of the observed quantities m to have an average value 
Cy», the probable errors of x and y are obtained by summing the squares of the coefficients 


of m,; thus we get 
im | | ad 
@s a (() (57)? — (ad)? (0)? = Cn (@) = aH ) 


7=§ (PH -Crn)' =e (-B) 





From (C) we may derive immediately the following well-known principle :—Suppose 
one series of observations of a quantity x give the value m with a weight w, while others 
give the values m' m” . . . with the weights w’ w”...., then the most probable value 
of zis found by multiplying each value by its weight, and dividing the sum of thesc 
quantities by the sum of the weights ; for the quantity to be made a minimum is 


_ 


2Uu = w(t — my + w' (e — m’) + w"(e@—m") +..... 
du Wea sige ‘ | 
ap We — mM) + wl (@ — m) + w’(e—m)+....=0 
_ wim + wm + wm" +e ee 

~ ow! bo” ee, 


o ~ ~- 


- 
~~ 
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If observations made upon two quantities 2 and y, between which there existed the 
necessary relation az -+ by =, gave the values mm’... forz,andm,m,’.... for y, 
with the respective weights ww’... and w, w,’... ., then we should have 


aus w(e— my + w (e— mY +... . + wo, (y —m,)? + w,' (y — m,)? + 
. Oo (wo (a — mi) + w! (@ — m’) + ° .) de + (w,(y— m,) + w,’ (y — m,’) Bg ne 2 .) dy 


but from the necessary connection of z and y we have adz = — bdy, and therefore, using 
brackets to denote summation, 


oO = bz (w) — ay (10,) + a (w,m,) — bo m) 


which, together with the equation of condition between wand y, will serve to determine 
those quantities. 


34. The principle (C) is of great importance, and enables us to obtain that particular ~ 
system of corrections to the observed angles in a triangulation (out of an infinite number that 
will satisfy all the required geometrical conditions) which has the greatest probability. For 
instance, suppose 4, B, C, to be the true angles of a triangle, and that the mean of the 
observations of the angle 4 gives a value « with a weight w,, and let 8, 7 be the observed 
values of B, C, their weights being w,, w - then if ¢ be the error in the sum of angles of 
the triangle, the equation of condition 1s 


A—at+B—-B+C-y=se 
and the most probable values that can be given for 4, B, C;, result from the condition that 
w, (A — a)? + w,(B— By + w, (C —y)? 


shall be a minimum, 4, B, C, being the variables. Differentiating these equations, we 
have : : 
w, (4 —«)dd + w,(B— 8) dB+wi,(C—y)dC=0 
ae + dB. + d=Co 


from which by eliminating dC’ there results 
(%, (4 _ a) ars 0,(C—y)) dA ob (~, (B— B) a w,(C— ”)) AR <o 


the differentials d4, dB, being indeterminate, their coefficients in this equation are neces- 
sarily zero; we have therefore for the determination of A, B, C, these three equations :— 


A—a+B—B+C—y=e 
0, (d—~a—w, (C—y) =0 
0, (B—p)—w, (C—y) =9. 
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which give the following values 





I 
ww 
A— a= I of 
I 
nas ae -/- ori 
20, ww, 2, 
I 
ww 
B—pB= : g 
I I 
t 20, w, 
I 
w 
C— Y = T = = ef 
I 
wt, ww, w, 


so that to rectify the error of any triangle taken without any further connection, this error 
. must be divided into three parts proportional to the reciprocals of the weights of the 


angles. 


35. Or again, suppose it be required to fix a point P in connection with a triangula- 
tion already completed, and so calculated that its results will 


admit of no further modification. Let Q, R, S, be three points of 
this triangulation, and suppose the angles observed for the con- 
nection to be PQR, QPR, QPS, RPS, PSR,: each angle being 
observed independently. Let «, 6, p, y,; o be the observed values of 
the angles with the weights w, w, w, w, w,, the true or most probable 
nr t,B=B+ «,, B +. —- + 2, ,Cmy+ £4) 
s =3-b 2, 
Now we know the ve QRS, and therefore the sum of the aie A, B, C, D; this 
gives the equation. 





| T, + U3 + x, + @, =f . @¢ @ « (1) 
where f# is known from the angle QRS. It is also evident that | 
+m —- t= e—-B-y=g + + + + + (2) 


The triangles QRP and RSP will give two means of calculating the line RP, and these 
two values must be equal; therefore 





sinA, -sinD 

QR sin B BS sin C 

” , . snAsinC _RS_, 
sin BsinD QR 





_ where @ is known, since RS, RQ, are given. siaaioaiaiees for A, B, ©, D, their assumed 


values, 
sin (% + 2,) sin (y +2) _ h 
sin (8 ++ z,) sin (8 + 2,) ~ 
Kk 2 


eer 
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ce ERE TE er Mito nme Sen eee 


Now sin (a 4 2,), supposing «, to be a very small quantity, is nearly equal ‘to sin a. 
(1 +.2, cot «); if we substitute this and similar expressions for the other sines in the 
above equation, we shall have, since the squares and products of the quantities x are 
neglected, tee 
sin B sin} 


ota +27, coty — 2, cot8 — xr, coté = fh -— A 
i ae a oa a7 sin a siny 


or, to abbreviate, 
at,— bx, + cx, — ex8 = 1 | (3) 


These three equations are necessary relations between the quantities x, and there are 
no other geometric conditions to be fulfilled. ‘Then to obtain the most probable values - 
of x, w,.... they must be such as to render a minimum the quantity w, 2,7 + ......w, 2; 
hence | 
Ww, 2, dr, + w, 2, dz, + 0, %,-dr, +0, r-dz, + w,rdr, = 0 (4) 


Now were the quantities dy,, dz,....all independent, this equation would simply 
resolve itself into 7,0, 2,= 0, &c., but by differentiating the equations (1) (2) (3), 
we get , 

dx, + dx, + dx, + dz, = 0 : 
dz, cea dx, + dx, =0o 
adz, — bdr, + cdx, — edz, = 0 





and, by transforming, 

| (a + ¢) dr, — (b +0) dz, + (¢ + €) dz, =0 
(a +e) dr, — (6 — €) dt, + (c +¢)dz,=0 

-~(a— c) dx, -+ (b + c) dx, + (c +e) dz,=0 


thus the differentials dx,, dv, dv,, can be eliminated from equation (4), which will then 
take the form ee ee 
and these differentials being arbitrary, we have P= 0, Q =o ; or, substituting their values, 
w, (¢ + €) x, — 1; (a +c) 1, — w, (a + e) 2, + w, (a —c) 2, = 0 
w, (¢ + ¢) t+ w, (b +c) 2, + w, (b — e) t—-w.(b +c) x%,=0 
These two equations, taken with the equations of condition, 
ary— br, + cx, — er, =k 
ZU +a tao f 
+ ie Li eT la | 


are sufficient to determine the five unknown corrections. — 


36. We proceed now to consider the question more generally. The equations of 
condition of a triangulation are those which exist between the supernumerary observed 
quantities and their calculated values, Tor after there are just sufficient observations to fix 
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all the points, then any angle that may be subsequently observed can be compared with 
its calculated value. If a triangulation consist of-2 + 2 points, two of which determine 
the base line, or the magnitude and azimuthal position of the network, then the remaining 
n points will require 22 observed angles for their perfect fixation, so that if m be the 
actual number of observed angles then m— 2 will be the number of equations of 
condition. 

The manner of obtaining the equations is as follows:—Suppose a number of points 
A BC... already fixed, and that a new point P is observed from and observes recipro- 
cally m of these points, then there will be formed m-— 1 triangles, PAB, PBC.... in cach 
of which the sum of the observed angles must equal 180° + the spherical excess; this gives 
at once m—1 equations of condition, “which are generally termed “ angle anon “The 
m—2 distances will each afford an equation of the form 


PC PB PA 


a ee ee ee 


not, however, necessarily limited to three factors ; : equations of this form are called “side 
equations.” Should P observe and be observed from only two points, then there will be but 
one equation of condition, an angle equation. When isnot less than 2, every other bearing 
not reciprocal, whether from P to the fixed points or from the fixed points to P, will give 
a side equation. Should m= 1, and P observe besides n points, there will be no angle 
equation, but 2—1 side equations; if m= o, and r points observe P, there will be thus 
formed r—2 side equations; and if m =o, and P observes 7’ points, x’—3 side equations 
must result, for it requires three observations from P to fix itself. 


When independent angles are the observed quantities, then another species of equation 
must enter arising from this consideration, that at every point where all the angles round 
the horizon have been observed the sum of these angles must be equal to four right angles. 


37. Finally, if JZ be the total number of observed bearings, VV the number of 
observing points, then there will be 1J—WN angles for fixing N—z2 points, which require 
only 2 W—4 angles, so that the number of equations of condition is M—3 V+ 4. If 
there be also P points at which there are no observations, it is easy to see that, since two 
observations fix such a point, the number of equations of condition will be 


M-—-3N—2P+4 


_ 38. To these equations should be added those that may arise from the existence of 
more than one measured linc in the triangulation, for if there be 2 bases there will exist 
n—1 side equations, in order that there may be no discrepancies between the different 
measurements and the calculated lengths. 


39. The form of the equations of condition is simple. If x, x,...7, be the corrections 
to the observed bearings, then since the angle equations arise from making the sums and 


rd 
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differences of a number of observed bearings with their corrections attached equal to a 
certain quantity, their form must be 
o=@ cm oa a3 z, 2 2-8 6 @ 


and in the side inal if for the ratios of different aes we substitute the corresponding 
ratios of sines, the equation takes the form 


sin (A + 2, sin (B+ 2,) .... 


sin (C + 2,) sin (D + 2) iS a 


but since 7, %,...are very small ane we may neglect their squares and higher powers, 
so that 
sin (A + 2,) = sin A + 2, cos A= sin A (1 + 2, cot A) 


and similarly for the other sines; substituting this and the corresponding values in the 
- above equation, it becomes 


_sinCsnD... 


z,cotA + 2, cot B—2z, cot C—2z,cotD+... ain Sin ee 


==] 


so that all equations of condition are of the form 


O= a+ a, Ly + 4, %, TF AY7; +. 


40. The problem then is this:—Given m equations, 
Om at at, + A,X, Hb Ay%y TP soe An%n 
OD + Dy, + yt, FO yts + one Ont 
oc -+ Cir, + C0 + C0, + aoe | (1) 


O= G+ 4%: + 2% TF Qyy TF see In Vn 


‘between m, (m>n), unknown quantities, ,, -+-.%,, which are the corrections to the 
observed bearings, to determine these quantities so 5 Guat they shall satisly the z equations, 
and make the quantity 


2U == W, x," = wy, LP ++ * @ @ © Wn My? 


aminimum. ‘I'he corrections thus determined must evidently give a consistent triangulation, . 


and also that one which is most probable or requires the least total amount of alteration of 
the observations, having respect to the different weights or probable errors of each mean 
bearing. 
Now in order that w may be a minimum, we must have du = 0, or 
O = Wry dry + wy AT,  veceee Tt Wy Ly ¢ Ue | | (2) 
but by differentiating the equations (1) we have the following :— 


o= a,dx, + a,dx, -- a,dx, + vee TE A, AZ, - 


Oo = bdr, + bjdx, + bjdx, +. + b,d%y, 
oO = ¢,dr, + clr, + cdr, + w. + Cutie (3) 


eeeeeevoeseeereaeseesetstoeseeseeseeaetes eeanes * 


Oo = g,dt, + g,drz + 9,dr, + vee 4 Yn tt 





ace ay menpeee 





~ 
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which establish 2 relations between the m differentials; we may therefore determine 7 of 
them, in terms of the remaining m—, and thus the number of differentials in (2) is 
reduced by substitution from m to m—n, which are perfectly arbitrary; and therefore 
making their coefficients respectively equal to zero, there will result m— equations 
between the quantities x, which, — with the 2 equations of condition, will suffice to 
determine these corrections. 

But the method practically adopted is that of independent multipliers, which is as 
follows :—Multiply the equations (3) by indeterminate quantities 4,, 2, ... . A,, and adding 


their sum to the equation (2) eae by —1, we have the following system of 
equations :— 


Om (— w,2, + AG, +-A,D, + AAC, + ase ne dx, 
te (wt, + Aa, + OAD, + AC, Hb wee AnQa) a2, 
+ (~ ty + ity + Ay FAG ++ Aad) ety ) (4) 


+ a ae ee + abe + a — ves de) dae 


Now as there are 7 arbitrary quantities a, we may assume 7 of these coefiicients of the 
differentials equal to zero; the quantities . being thus determined, ‘and then substituted 
in the remaining coefficients, the expression will take the form 


o= Pdr +Qdr ,+... 


containing m—m differentials; and these being independent, it follows that P =o, 
Q=0, &c.. .. which amounts to putting at once each of the coefficients of the m 
differentials i in (4) separately equal to zero; therefore we have the following m Papen — 
WX, = Aja, + A, b, AAC, one AN; 
| Waly = Ad, + AD. + Ay. vee Ange 


3%; = A;a, 3 AD, + A,C; + eve And; | (5) 


Wy Xn Aan + A,6,, + Asm + vee Anda 


Now substitute 2,, 7,.. . 2%, as derived from these equations in the » equations of 
condition; and we ‘chm the following set, 


o=ata(a)+a(Z) +r (y+: Ee ri 
o=d+n(S)+(Z) +A (Z)terea(D 
emote te G@) mG) to MG (6) 


@e «et e0@¢98 @ @ @ #@ @® @© @ © © @© @© @ © e © @ 8 


cert n(n Den(DQee a 


From these 2 equations, the n quantities a must be eliminated, and their numerical values 


obtained. Finally, by the substitution of their values in (5), the numerical values of 
Uy Uy 000 eo Gy, Will result, 
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41. The different steps of the process are then as follows :— 

Tirst, the obtaining of the eeenignce equations of condition supplied by the connexion 
of the triangulation. 

Second. the substitution in these equations, of the observed bearings, each with its 
unknown correction appended. In taking the logarithm of a side equation such as 

sin (A + 2,) sin (B+ 2,)... 
sin (C + «,)sin(D + 2,) 
if the quantities 2 are to be expressed in seconds, then 
log sin (A + 7,) = log sin A + Msin 1” cot A-z 

Third, the equations of condition being written out in their algebraic form, and unknown 
multipliers assumed, the equations (5) are to be formed. 

Fourth, from these equations the corrections must be obtained i in terms of the multi- 
pliers, and substituted in the equations of condition. 7 

Tifth, the 2 equations of condition being in terms of the 7 multipliers, these equations 
must be numerically solved and the actual values of the multipliers obtained. 

Sixth, the substitution of the values of the multipliers in the equations (5), whereby 
the values of the corrections are immediately obtained. 

Seventh, the verification of the work by the substitution of the corrections in 
the equations of condition, and also by the working out of the whole triangulation. The 
work may also be examined in the following manner :—Supposing 2,, 2, 7,. . . to be the 

corrections to the bearings round a point, whose weights are w,, w,, W,. . . respectively, 
then it is clear that a system of corrections 2,-+ 2, %,-+2,2%,-+2.... would have 
satisfied the requirements of the figure quite as well as 2, 7, 2,. . . . Now in order that 

w, (x, + 2)? + 0, (x, + 2) + w,; (x, + 2} bass 
should be a minimum, we must have | 
"2 (20, + 1, + 00; + vee) $ WT, + w,7, + W,2', ee = O 
but as the above quantity will not, after 7, v,, 7,...are calculated, admit of further 
diminution consistent with the figure, 2 must be = o, and therefore - 
WT, + 10,25 + Wit, + oe =O 

or the sum of corrections. to all the bearings round any point, each multiplied by the 

weight of the bearing, must = o. 


*§ VIL 
fc b+ * a 9 3 e < Meridian ‘Ares. e > e . e ) s i ° * e 


42. Ifs be the length of an arc of the meridian contained between the latitudes 
a, and a,, and if 2 A==a,-+ A, d= a, —A,, then by equation (33) © 


d ae — ¢ (£)’ SCS 2A 
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Where the value of ¢ is 


: 3 
I _ (1 — é sin?A)2 
Q a(Il —e’) 


If we suppose a and ¢? to receive smal] increments 8a and 3 ¢?, then 5 becomes 
4 
s ba 
-_ © =, Oo 3 
: + fi Pee 


—eé , 
r—3 sin? A 
2 





S=- g 


2 = § 
g ° (1 — e?) (1 — e? sin?) 

If therefore we consider a, ¢?, as approximate elements of the elliptic arc, anda + 38a, 
e? + 6 e?, to be the true, the value of $ will be 


paine (2) cosa + fu + gv 


putting de? =v andda=au. 


If also a,, ,, be the observed latitudes, a,-+ x,, a, -+ 2, the true or most probable 
latitudes, then these last quantities must be substituted in the above equation. In so 
doing we may neglect quantities of the order ¢ x, and therefore 


a = 2g —8(L) conn + fit go (1) 


in which s is the measured length of the are, ¢ the radius of curvature calculated with the 
approximate elements for the mean of the observed terminal latitudes, and > the observed 
amplitude. 


43. If besides the extreme latitudes of the arc there are also given -the observed 
latitudes of several intermediate points, together with the corresponding measured lengths, 
- then there will exist the following set of equations, in which x, is the correction to the 
latitude of the southern station of the arc :— 

= 2,+h + fru tg 
2, ar th,+ fu + gv 
e=rith t+ fut gv 


-” 


Now in order to obtain those values of wand v which most nearly represent the obser- 
vations made at the different points in the arc, or which require the smallest amount of 
alteration of the observations, the quantity 77 -- wv + 42,-+ .--. - must be a minimum ; 
that is, 
Tari t(a th t+futgry + (mth + frutgvrtere: 
LI 
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must be a minimum by the variation of 2,, vu, v: therefore if m be the number of observed 
latitudes in the arc, 
nt, + (h) + (f) ut (9g) v=o 
(f) 2, + (fh) + (PP) ut G)v=0 
(9) = + (gh) + (9) u+ (9) v= 0 


by making the differential coefficients of U with respect to z,, u, and v respectively = o. 
If in the last two of these equations we substitute the value of x, as derived from the first, 
we get these two equations :— 


{uy- 2 bus {(r9)- aoa v4 (fh) - AM. 


{ 79) -2te) u -+ { (9) = (gy fe 4 (gk) - DM) = 


The quantities « and v thus obtained, determine the elliptic elements which best 
accord with the observed and measured amplitudes in the arc. If the terminal latitudes 
only, be observed, these two equations will become identical, and «and v consequently 
indeterminate, though connected by a necessary relation; that is, if any arbitrary value be 
assigned to w, a necessary value of v must follow, and vice versa. 


In combining a number of arcs of meridian in order to determine that spheroid which 
is most. nearly represented by all the observations, the sum of the squares of all the 
alterations of the latitudes must be made the least possible ; that is, 


Jax? +, +4 +fhutg, vP+ th +futgvprere-. 
+n? + (a, + hy ~— u +g,’ vy a ve ne ° 
4 2,/77 + ® . . . e . 


/ 


must be a minimum ; 2,, 0,, 2, %,’, 4;”. . . » being the independent variables. Making the 
differential coefficients of U with respect to these quantities respectively = 0, we get 


naz, +(h)+(f)ut(g)v=o 
vay +h) + (fF) ut G')v=o 


and finally, by substituting the values of v,, x,’. . . . obtained from these equations in the 
differential coefficients of U with respect to u and », 


sia fuse fon- al as +s {yW)- DU 
4 (f9) = er} a+ { (9) = ‘o') ows {(gi)- 2) 


44. The following is the method of development given by Bessel in the Astro- 
nomische Nachrichten, No. 333. If e¢ be the radius of curvature of the meridian, s the 
length of the arc increasing with the latitude, 

ds a(a + ?) 
dx $= (1 — e? sin 7a); 
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Now putting 
a—b 
2a= ——— 


g=a(I —n) (1 — 2) (1 + 2ncoS2A +n) 73 
which may be put in the form 
e=a(i—n) (1 — 72’) (I + nz) 2 (1 + nz—)-} 


By the application of the binomial theorem, the following general result obtains :— 


(1+ ne)e(a + nemo = + (pny + PHD)? 4 (Bea Pm)’ eemas 
+ (2+4) (pn + P=) (p= 1) 23 PR as + se ae pear ) 
fe ge Ly ee Sout ae BVA cee sep. te Gh de sos a oto ) 
+(#+! ) Ee=ne =) pate as 4 Pe) Bea -) 


of which the law is sufficiently obvious. In the present instance p = — *; therefore if we 


put 








Ne =2 Jn34 
e 2 8 4 ied 

Ne’ = 3°35 n? + 3°5°7 3 nt +4 
2.4. 2°46 2 

Ne” = 3°5°7 n3 +. 
2°4°6 

we shall have 
e=a(i —n) (1 —n) N (: — 4:2C0S2A + 4'-20084A — a2C086A + + - -) 


If now s be the length of a meridian arc terminated by the latitudes ,, a,, 


7m 
$ =f, @ dia 
and therefore, putting 2% = a,-+a, ¢=a,—aA, a(I1—7)(1—”7)N=d 


: , 2 é 
S=0 (—24 sing cos2r+ a sing cos4.4— = a” sin 3 g cos6 > + soe ) 


- should be brought to accord 


The problem requires that the observed latitudes a,, a, 
- such 


with the measured distances by the application of small corrections 4, %, °° ° 
that 2? -++ 2+... . shall be a minimum, the variable quantities being the elements of 


the Aeiire of the earth, or a@ and. Those values of a and m which make this function 
Ll 2 
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22-4, - +--+ aminimum, determine the most probable figure of the earth, as far as 
depends on the arcs under consideration. Putting, therefore, a, +- 2,, a,-+ «,, as the true 
latitudes in the above equation, we have 
= 
‘ 


° * 2 e 
=h—2a8iIn PCOS 2A + SMA CORI? A SMB cos 0 Ach coe 
Qa 


+ + p(x, — 2) 


wh =I —242c0s $c0s2a 


Instead of making a the unknown linear dimension, we may make the length of a mean 
degree of the meridian the required quantity: if we call this g, then 180g = x a/ 


I $v ; , 
T—7,= -( = 2 os2A—ea’ sin2@cos4a Bala “ast 
2— 2, fa rey. @ + 2a sin d cos d cos4r + ) 


If now g, aud «, be approximate values of g and «, we may put 


1 I 
-=-— (1 +z), ama (I +v 
are. (1 + 2) 


u and v being two small quantities to be determined. 


By means of the values of New’. - - + in terms of 2, we derive the following :— 


2 


if 


a 
When therefore «, becomes «, + @,v, «,’ becomes «,’ + ae eae 
I 


° | fan / 5 2 IO ‘) 
© & = a, +0 (2a, ry ie 


Therefore the expression for «, — 2, becomes 


I TS : 5 . 
—7r=-1— — 2¢,sing@cos2rA—%en23 9 
X,— 2, a Foyt d + 1 dh 6% sin 2h cos tA } 


(3) 





T Ss I ; . 
tole | Z| 24 Sing cos 2 A 30 sin ag cos4a bo 
in which we have omitted the terms in «,‘, as they are so small as to be insensible. 


The equation of condition thus formed corresponds with equation (1); the unknown 
quantities wv are not, however, the same in both equations. 


§ VIL. 
Logarithms. 


45. Though logarithms to seven places of decimals are generally sufficient for 
ordinary calculations, yet when considerable accuracy is required for geodetical calculations, 





en 
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eight places of decimals must be used. It is not always or generally possible to have the 

last figure of the resulting logarithm after any lengthened calculations true. Errors of one - 
and often of two units in the last place are very probable, and therefore there should be at 

least one superfluous decimal. 

_ In the absence of any printed tables to eight places, Vlacq’s ten-place logarithms have 

been used. The method of interpolating by differences has been avoided as more trouble- 

some than that supplied by the usual series 


H H—K a) veo} 





SK H+K 3\H+K 
The second term within the bracket is always so small as not to be required; in those cases 
in which it might be required, other methods present themselves. 

If we make successively H=sin (A+ 2), K=sin A, and H=tan (A+ 2), K = tan A, 
and substitute these values in the above series, omitting the second term, we shall have 


in(A + x) tand2 
lor SB(A+ 2) _ ny tanger 
o sin A a ae (A + $2) 
tan(A +z) oy sin x 
Me aan ah (2A + 2) 


_ Also if we take N to represent any large number and ” a very small number, 


7 
oy GN a) 





whence we have the following rules :— 

log sin (A + x) = log sin A + Mz cot (A + = 

log tan (A + x) = log tan A + 2Mecosec (2A + 2) (ce) 
Mn . 


log (N + 2) = log N + Nas 





This method is found much more manageable than that of differences when second 
differences are sensible. | 

The logarithms of the functions of very small ares are more easily calculated directly 
than obtained by interpolation. [or this purpose the series 


, M M 
log sine = logx — 4 ca er x4 
M M 
log cos 7 = ee. 
2 I2 
N NY 
loz tan x= log x + : 2 + Se xs (8) 
| : M rIM . 
r= gS —_ 32 ees 4 
logz = logsin x + 6 sine + ooo sint x 


M M 
log x = log tanz — 9 tan? z + rhe tant z 
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are useful.* The remaining terms of these series are seldom required, but may be obtained 
from the general expressions 











sin — an x 
I wee 20 
gz—t (93m an 
lor cosa = — MZ ( 1) Bone = 
n * Toe 27 
tan zr Q7%(g2t=1 y Said 
og Fee Met Sp 
x , I oe. 22 


n taking the successive values 1, 2,3 +--+ andB representing the numbers of Bernoulli, 


el ewe. kek Mad, aad 
aah Poor ges ree a eer O66 


Lr a SSS re PPS SSS SSS = ss ee fl ssp ppg ype DPD 


* The following Table oe the quantity to be applied to the last figures of logarithms to ten places, for the 
terms in 24, from 1° to 2° 
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SECTION VII. 


REDUCTION OF THE TRIANGULATION. 


Tue results of a triangulation so well connected as that of the British Isles, extending 
from latitude 49° 53’ to 60° 50’, and from longitude 1° 40’ east to I0° 20’ west, must have 
much weight in the determination of the general figure and dimensions of the earth, though 
the more immediate and precise result will be the knowledge of the nature and curvature of 
the surface within the limits of the triangulation. 

The general figure of the earth may be considered as already determined with much 
accuracy, the mean errors of Bessel’s determination of the linear dimensions being one 
twenty thousandth part ; and of the ellipticity, one sixty-fifth part. The magnitude of this 
error depends principally upon the existence of those small disturbances of the direction of 
gravity which may be expected at any point on the surface of the earth, and of which 
the mean value may be taken at about 2”-6. The only method of eliminating the effect 
of this unavoidable source of error is the multiplication of the number of points having 
observed latitudes, the observations being of the best kind, and very numerous. The 
general figure of the earth, or more strictly speaking, that spheroidal surface which makes 
the sum of the squares of the apparent deflections a minimum for the whole of the astrono- 
mically determined points on the surface of the earth as far as connected by triangulation, 
being determined, the next point is to determine the variations of the surface or the 
osculating ellipsoid for as many parts of the surface as possible: and in order that this may 
be accomplished in-each case with precision, it is necessary that the triangulation should in 
the first place be effected with the best instruments; in the second place, the connections 
of the various points with one another should be as numerous as possible—that is, the 
number of superfluous observations or of equations of condition should be abundant, as 
increasing the probability of the results; and thirdly, the triangulation should be calculated 
so that the results should be strictly the most probable, and unaffected by any arbitrary 
method. The first two of these conditions appear to be well fulfilled in the present triangu- 
lation, and the necessity for the fulfilment of the third is obvious. 

Acting upon these considerations, Licut.-Colonel Yolland directed that the whole 
triangulation should be reduced according to the method of least squares. It will be 
évident from the explanation given in the preceding Section of the application of the results 
of the Theory of Probabilities to the determination of the proper system of corrections to 
be applied to the observed bearings of the various points in a triangulation, that the 
principal, and indeed only, obstacle to its being applied to any actual survey Jies in the 
extremely voluminous nature of the calculations. 
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There are in what may be called the principal triangulation 218 points, 1554 observed 
bearings, and therefore an equal number of corrections to be determined, and 920 equations 
of condition: if, therefore, the whole were to be reduced in one mass, the solution of an 
equation of 920 unknown quantities would form part of the work. It is evident, therefore, 
that some method of approximation must be adopted ; and this indeed is sufficient, provided 
that method be unobjectionable. Let 
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be the equations of condition, then if the geometrical positions of the equations (7); (2), (7), 
as referred to the triangulation, be some hundred miles apart, with many inter vening points, 
the equations containing x will not contain 2,, nor will those containing x, contain 2,, nor 
will those contaming 2, contain t, The corrections that appear in the first equations of 
condition gradually disappear and are succeeded by others, which in their turn give way to 
others, as the equations proceed; which is merely in accordance with the obvious fact, that 
the position of a point is dependent upon all the observations made round it to a considerable 
distance: the influence, however, diminishes with the distance, and at a sufficient distance 
becomes almost imperceptible. It is then quite possible to obtain a satisfactory approxi- 
mation, as widely separated equations are in a manner independent; and the following is the 
method that has been actually carried out :—The triangulation was divided into a number of 
parts or figures, cach affording a not unmanageable number of equations of condition. One 
of these being corrected or computed independently of all the rest, the corrections so 
obtained were “substituted (as far as they entered) in the equations of condition of the next 
figure, and the sum of the squares of the remaining corrections in that figure made a 
minimum. ‘The corrections thus obtained for the second figure were substituted in the 
third, and so on. Four of the divisions of the triangulation are independent commence- 
ments, having uo corrections from adjacent ficures lead into them, but having the 
corrections determined in them carried out to the contiguous divisions.* By this means, 
however, the ratios of the measured bases have not entered into the equations of condition, 
no two bases falling into the same division of the triangulation ; and in an extended triangu- 
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* This method of approximation is not the best that might have been adopted, and is liable to some objections; 
but it is certain that the results so obtained, when the observations arc not bad, must be very close to the truth: 
and without a further expenditure of labour, better results could not, by any method perhaps, be had. 
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lation in which the bases have been measured with equal care, the conditions of agreements 
between the bases should exist to prevent the accumulation of error; but the neglect of 
these conditions will bring out in the comparison of bases a good test of the accuracy 
of the theodolite work. 


Division of the Triangulation. 

Omitting in the first place the extremities of base lines and several sector points, 
which are connected to the general work by small and special triangulations, the remainder 
of the principal points were divided into 21 figures, which are indicated in Plate XVIIL., and 
are as follows :— 

FIGURE 1. (Plate IV.) 





N. E. Loven Foyte Base. S. E. Louau Forte BASE. Mount SANDY. 


Drone Port. CuNDTHABL S. SNacut. 

KNOCKLAYD. TROSTAN. SAWEL. 

Drvis. Vicar’s Caren. S. Donarp. 
CUILCAGH. 





FIGURE 2. (Plate IV.) 


S. Snacur. CUILCAGH. SS. Donan. 
S. LEAGUE. KEEPER. NEPHIN. 


BENcorR. KNOCKANAFFRIN. CROGHAN. 
KiIppune. BAURTREGAUM, 





Figure 3. (Plate IV.) 





BAURTREGAUM. t KEEPER, , KKNOCKANAFFRIN. 


KNoOcKMEALDOWN, KrppPure. GALTYMORE. 
TAUR. . KNOCKNASKAGH, DooLliEvE. 
CAMNERBARNAGH. Hounery HI. CARRIGFADDA. 





FIGURE 4. (Plate V.) 





KKNOCKLAYD. T'ROSTAN, Diris. 
S. Donarp. Howtu. | KIPPURE, 
Merrick. S. BERULE. CRIFFEL. 

_Sca Fett. BLACKCOMB. SNOWDON. 
GREAT WHERNSIDE. PENDLE Hitt. Wnhittie Hitt. 
Mowcort. AXEDGE. Hoitmur Moss. 

INGLEBOROUGH. 





FicuRE 5. (Plate V.) 


Great WHERNSIDE. Sca FELL. CRIFFEL. 
HArtrecz. | MERRICK. Wisr. 

Cross Fert. Water CRAG. DoUnRICH. 
Sarrs Law. CuEVIOT. BLACKHEDDON. 


LUMSDEN, Cotuier Law. WORDESLOW. 
OTTON Heap. EASINGTON, 
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. Foun. 


ROoNAS. 
SAXAVORD. 
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Figure 8. (Plate VIL) 


FPASHVEN. ; — 


BEN CLipria. 
-  Cnoc-GmuBHAIS, Nortu Rona. to eens 
Ro REA. Monaclil. 
ScCOURNALAPICH. Bex More, S. U. 
‘Ben NEVIS. Ben HEYNISH. 
JURA. : 


Figure 9. (Plate VIT) 


Ben Cnueint. SCARABIN. 
SCOURNALAPICH. ~ Bey Hutic. - 
JURA. MAMSUIL. 
Ben Macpvt. 
CowllyTHeE. 
GLASHMEAL. 


Ben Wyvis. 
KNOCK. 
Ben LAWERS. 


1 


be ee | Ficure 6. (Plate VI.) . . 





ee | FieurE 7. (Plate VI) 00 oe 
‘Ben Cripric. PASHVEN. Ben Houtic. 
SCARABIN, Ben CneILt. Duounnet Heap. 
Warr Hirt. S. RoNALDSHAY. DEERNESS. 
STRONSAY. Firry Hi. Farr Ise. 
Fou... N. RoNatpsnay. Start LiciirHouse. 


ead 








Ben Huric. 


~CLEISHUAM: Ps ees 


Storr. 
MAMSUIL. 


teh eee ~+~ BEN -Mone,. MULL...:: eee eee tee 


Ben Tarrevi.. 





Ben Cripric. 
Ben Nevis... 
Bren Mort, Mutt. 
CorRRYHABBIE. _ 
Mormontu. 
Mount BattToor, 





FIGURE'Io0, (Plate VII. 





CorryHABBIE. 
BuLvue Hirt, 


Mount Batrock. — 
KNOCK. 
DupwiIck. 


MMoRMONTH. 
Bren Macovut. 
LITTLE STIRLING. 





FIauRE 11. (Plate VIIL) 


Mouxt Barrocx. GLASHMEAL, «5 0) Ben Maconut. 
Bren LAWERS. - . BEN NEVIS. - (im one ny ae SEN MORE, JMULL, 
JURA. Ben Tartevit. S. SNAGHT. 
IKNOCKLAYD. T'ROSTAN. Diris. 
S. DoNnaArv. S. BERuLe. | MERRICK. 
CRIFFEL. FTARTFELL. Duwnicn. 

Goat Fetu. Lumsven, 


Suyns Law, 
Ben Losonp. | 


Ben CLEvGH. 
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~+ CRADLE, * 7: 
PARACOMBE, 
PILLESDON. 
Barrow H111,. 
TREVOSE. 


HTENSBARROW. 
St. AGNES. 
' Kann GALVER. 


Wotr Rock. ee ah, 


PENINNIS. 


Bracon Hix.” 
WESTBURY, 
INKPEN. 


4 dels . 


- + ‘PRECELLY. 


DUNKERY, 
Hian WILHAYS. 
MAKER. : 
HENSBARROW. 


TREVOSE. 


KARNBONELLIS. 


GooNHUILLY. 
St. Marrin’s. 


Faure 12. (Plate IX.) 


Beacon Hitt, Trescow. 


FIGURE 14. (Plate X.) 


Dean Hitt. 
SrokE Hitt. 


FIGuRE 15. (Plate XI.) 








‘ 
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Lunpy Isnanp.* 
MENDI?P. 

Ryper’s Hix. 

Brown WILLY. 

DEADMAN, 





IDEADMAN. 

IKARNMINNIS. 

PERTINNY. ) 

St. AGNES LicgHTHOUSE: 
TELEGRAPH TOWER. e 










‘ WINGREEN. 


Mitk Hytr. 
Urcot Down. 





INKPEN. 








Mitk AI. Upcor Down. 
Beacon Hirr. Dean Hitt. WINGREEN. 
Wesrzury. MeEnpiP. PILLESDON. 

_ Barrow Ht. Hien Winuays. Ryper’s Hix. 
BLACKDOWN. . Swyre Barrow... | .....- ..DUNNOSE. 9 20... 0. ee 
CoRrRINGDON. Horton’s GAZEBO. BurseEnr. 

Figure 16. (Plate XI.) 
CRADLE. Menpi?, Upcor Down. 
Mirik HILt. INKPEN. BUTSER. | 
WIHIITENORSE. DUNNOSE. Broapway Tower. . 
Leitn Hit. MALVERN. Beacuy Heap. 
CRrOWBOROUGH. . DItTcnina. WrorTuam. 
DUNSTABLE. ARBURY. : EPrincG. 
BERKHAMPSTEAD. CHINGFoRD. FAIRLIGHT. 
St. Paut’s. SEVERNDROOG. 


_ Kippuns. a 
SNOWDON. 
‘AXEDGE: . 

>, Croauan, 

Wurrrie Hit. 
 “LoNestounr, 

Tara. . . 

“PLYNEDOION, | 


“4 
: 
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FiGure 17. (Plate XII.) 


ISNOCKANAFFRIN. | 
CRADLE. | 
LMALVERN. 
Broapway Tower. 
Horse Moss. 
BARDON. 

Caper Innis. 





ree> 
















PRECELLY. 

Mowcortr. : x 
A rbury. os, 
KEEPER.’ dp obgat o%5 Rare 
BALLYCREEN, erg 
CYRN-Y-BRAIN. | a ae a aan 
‘FORTH. € 5 “ 

Mount Leinster. 
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Fieure 18. (Plate XIIL) 
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Eppine. SEVERNDROOG. - WroruaM. 

Lerrn Ait. Beracuy Heap. Famvicur. 
PADDLESWORTH. , Str. Paur’s, Ganp’s Hit. 
Norwoop. Danbury. St. PETEnr’s, 
PRITTENFIELD. _ Warton Tower. 
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Fiaure 1g. (Plate XIII.) 
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DUNSTABLE. BERKHAMPSTEAD. Eprina. 
: Dawnsuny. THARFIELD. | VV ALTON. 
j THAXTED. STOKE. NAUGHTON. | 
OTLEY. MICKFIELD. LAWSHALL. 
BALSHAM. Evy MINSTER. SWAFFHAM. : 
S. Lorna. BraNDON. | . 4 


Fiaure 20. (Plate XIV.) 


WALTON. OTLEY. MIcKFIELD. 
S. LoryaM. BRaAnvdoN. SWAFFHAM. 
Orrorp Caste. LAWSHALL. — LAXFIELD. 


BUNWELL. HINGHAM. SOUTHWOLD. 
Torts. Norwicu. BACONSTHORPE. 
GorLEsTON. HarrispureGn. 





FIGURE 21. (Plate XIV.) 





Borron Heap. Great WHeERNSIDE. Howume Moss. | 
AXEDGE. Banvon. ARBuURY. ! 
DUNSTABLE. THARFIELD. BALSHAM. : 
Evy MINSTER. SIV AFFHAM, BACONSTHORPE. 

AcKLAM WOLD. York Minster, GARForTuy CLIFF. 

Back Tor. CLIFTON, CRroWLE. 

LINCOLN MINSTER. Boston. WALPOLE, St. PETER’s. 

DockING. EASTON, BUCKMINSTER. 

TILTON. NAsEBy. KEYSOE. 

LYNN. HANSLOPE. 





It will be observed that with the exception of Figures 1, 6, 7, 12, 14, each figure has some 
names in italics; the points so printed in each case have been fixed in a previous figure, and 
the remaining points are those which are fixed in the figure in question. Thus, for instance, 
in Figure 11 the three points, Goat Fell, Ben Lomond, Ben Cleugh, are fixed dependently 
upon twenty other points which have been: fixed in previous figures—namely, 1, 4, 5, 8, 
and g. JT igures 1, 6,7, 12, and 14 are a a 
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The following Table shows the mutual relations of the different figures, the number of 
points fixed in each, the number of bearings for the fixation of these points, and the number 
of equations of condition. 


Number of Points. 
Dependent upon  ——}| Number of Bearings. Number of Equations. 


Figures 
, Non- 
Observing, observing. 


2 


ee 
eo 


4 
7 


oO cNT AM Bw b A | 
i 
t 
' 


? 


9 
Iy 4) 5) 8, 9 


12, 14 

12) 13, 14 

2, 4, 12, 16 
6 


2 
I 
2 
I 
2 
I 
I 
3 
3 


9 
4, 5, 16, 17, 19, 20 


ToTays — 920 





Here if we put 
M = the number of observed bearings, 
N = the number of observing points, 
P = the number of non-observing points, 


3P = 606 

2Q= 32 

3P+2Q= 638 

M+ 4 = 1558 
M—3P—2Q+4= 920 = the number of equations of condition. 


The circumstances which determined in each particular figure the boundary points and 
lines were in general, that each division of the work should contain as many points and 
bearings as possible; and in the selection of the points forming the boundary line, the 
guiding principle was, that they should all be points well fixed by observations to and from 
them in every direction. 


278 PRINCIPAL TRIANGULATION. 


Method of Calculation exemplified. 


We proceed now to give in detail the calculation of the corrections in Figure 1. The 
first step is the obtaining of the Geometrical Equations of Condition, which we shall deduce 
successively. 

The points A and B are the extremities of the base line. The point C is determined 
by the bearings from A and B, and the observed angle at C gives the equation of 
condition 7 

o=A-+ B+ C— 180° —¢, 


The point E is fixed by bearings from A and C, and the observed angle CEA gives the 


equation 
o=A+C+ E— 180° —e, 


But the point I. also observes and is observed from B: these two bearings furnish two 
equations of condition, for we have by the fixation of the point EZ the means of calculating 
the angles CEB and CBE. The ratio of the lmes CE, CB expresses the ratio of the sines 
of CBE and CEB, and the ratio of the lines AIX, AB expresses the ratio of the sines of 
AEB and ABE, which determine symmetrically the bearings of E at B, and of Bat E. But 
a more simple equation suggests itself, for the angles of the newly-formed triangles CEB, 
ABE must fulfil the condition that their sum in each case = 180° + «, We cannot, how- 
ever, use both these equations, as one of them is not independent of the other ; but one of 
them 
o=B+C+ E-— 180° -., 

together with the equation 

CB CE CA 

CE CA CB” * 


will serve to determine the new bearings. 


We next take the point D. It is fixed by bearings from A and E; and the angle 
ADE, being observed, gives the equation of condition 


o=A+D+E— 180° —«, 


But D also observes, and is observed from B. The two new angles thus formed give two 
equations of condition: one we may take as 


o=A-+B + D — 180° — «, 
For the other we may take 
DA DB DE, 
DB DE DA 
This equation involves the sines of the angles DBA and DBE, which are very nearly right 
angles ; and this is a little objectionable for the reason that the co-efficient of the unknown 
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correction to either of these angles will be small. Instead, therefore, of this equation, we 
shall take the equation 


AB AC AE AD 


AC AE AD AB | 


which contains the ratio of the sines of ADB, ABD. 
Take next the point F: this point is fixed by the bearings from A and E, and the 
observed angle at I° gives the condition 


o=~A+E+ F — 180° — & 


But F also observes and is observed from B and D; this gives four equations of condition, 
two of which are 
omA+B+ F—180° —«, 


omA+D+4+F— 180°°—8& 
and the other two 


Next take the point G: it is fixed by bearings from E and F, and the observed angle at G 
gives the equation 


o=EK+F+G-— 180° —¢ 
The reciprocal observation of B at G and G at B gives these two equations :— 
| o= B+ PF +G— 180° — 


and the side equation 


But there is also a bearing to G observed at D, which affords the equation 


GD GE GI _ 
GE GFGD — 


Taking now the point H, it may be considered fixed by the bearings from F and G, and the 
observed angle at H gives the equation 


o=F+G-+ H— 180° — «, 
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The reciprocal bearings observed at H and E furnish two equations of condition; these 
are 
o=~E+G+H — 180° —«¢,, 

GE GE GH = 

GF GH GE 
But H is also observed from D, therefore there is another equation of condition— 
namely, 

GE GH GD _ 

GHGD GIs 


Taking next the point K, and supposing it fixed by the bearings from G and H, the 
observed angle at K gives the equation of condition 


o=G+H+K— 180° —«, 


But K also observes and is observed from J: these bearings afford two more equations of 
condition, which are, 


o=G +F + K— 180° — 4, 


GH GIF GK _ 
GF GK GH ~ 


Take next the point L, and, supposing it first fixed by the observations from G and K, the 
observed angle at L gives 
o=Gt+kKe L — 180° —«¢,, 


But L observes and is observed from H and I’, forming four new bearings, which must give 
as many equations of condition ; they are 
o=G+H+L-— 180° —.-, 
o=F+G+L-— 180° — ¢,, 
GK GF GL _ 
GF GL GK~* 
GK GL GH 
GL GH GK 


= 1 


The point N may be first fixed by the bearings from L and G, and the BEEVEE angle at N 
will give the equation of condition 


o=G+L++N — 180° — &5 
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But N also observes and is reciprocally observed by K, hence two additional equations ; 
these are 
o=G+kK-4+N— 180° —«, 
GL GN GK 


ee ee 
GN GK GL 


Take next the point M, and let it first be fixed by the bearings from Gand N; then 
the angle observed at M gives the equation 


o=G-+M-+ N — 180° —«2,, 
But M also observes and is reciprocally observed by L; hence the two equations, 


o=G+L+M — 180° —«,, 
GN GM GL _ 
GM GL GN” 
Lastly, the point O being considered first fixed by observations from F and G, the observed 
angle at O gives 
o= I} +G+ 0— 180° —«,, 


But O also observes and is observed from M and N; hence there must from the four new 
bearings arise the following four equations of condition :— 


o=G+N + O0-— 180° — «,, 
o=G+M-+ 0 — 180° —«,, 
GM GN GO 
GN GO GM 
GF GK GN GO 


———  — 


GK GN GO GF 


= 1 


The 39 equations thus deduced, being equal to the number of superfiuous bearings, are all 
the necessary geometrical relations of the figure—or more strictly speaking, they contain 
all the necessary relations ; for many of them might be altered, and others substituted in 
their places, which would equally well contain the necessary relations. 


Each of the side equations, or those of the form 


AB AC AD. 
AC AD AE 


might have been written in the form 


sin ACB sin ADC sin AED 
sin ABC sin ACD sin ADE 


in which form they are actually used in the calculation. 
No 
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When the observed angles are substituted in these equations of condition, they should, 
but that they are all affected by errors, make all these equations identically true. As it is, 
however, none of them will be exactly satisfied, and the problem is, to apply to the observed 
bearings a system of small corrections that will, when the corrected angles are substituted 
in the equations of condition, render them identically true, and will also be the most 
probable system of corrections. for it is evident that the number of equations being less 
than the number of bearings or corrections, an indefinite number of systems of corrections 
might be obtained to fulfil the equations of condition, but that system which is required 
must make the function 


we? ow! ol? tw"! 7’? 4 


the least possible, 2.2’ #” - - + being the corrections to be determined, ww’ w’ - 
the weights of the bearings to which they are to be attached. 


Spherical Lvcess. 


In the calculation of the side equations, it 1s usual to subtract from each angle one- 
third of the spherical excess of the triangle to which it belongs, in accordance with 
Legendre’s Theorem. 


The spherical excess is calculated from the formula 


_ absn? 
or? sin 1” 

Where a, b are two sides of the triangle, C the angle mcluded by those sides, and 7 the 
radius of curvature of a vertical section of the surface in azimuth 45° for the mean latitude 
of the triangle.* 





* In a former section 7 was taken a mean proportional between the principal radii of curvature; the difference 
is insensible in the calculation of spherical excess, for the ratio of these two radii is 


g g 
where @ @’ are the principal radii of curvature : also 


eS = 1 =e? cos? A 


4 


Consequently the ratio of the radii is 1 + }-e' cos! 4 which can only affect the 7th figure of the logarithm. | 
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The slowly varying quantity log (2 7? sin 1”)~* computed with the elements of the figure of 
the earth given by the Astronomer Royal in the Encyclopsdia Metropolitana, viz. : 


Latitude, 


Semiaxis-major = 20923713 feet. 
Semiaxis-minor = 20853810 feet. 


is shown in the following table :— 


3717188 


. *3717020 


3716853 


°3716685 


3716518 


‘3716351 
*32716184 
*2716018 
3715851 
3715685 
*3715519 
3715353 - 


3715187 
*3715022 
3714856 
3714691 
3714526 
3714362 
3714197 
3714033 
-3713869 
*3713705 
"3713542 
"3713379 
*3713216 


°3713216 
*3743953 
3712891 
*37132729 
*3712567 
"3712405 
3714244 
+2712083 
‘3711922 
-3711762 
*3711602 
"3711442 
* 63711283 
 *B7ITII24 
" #3710065 
* «8710809 
"3710649 
"37 10492 
" #3710334 
‘3710177 
* «8710021 
+3709865 
" °3799709 
"#3799554 
3799399 


Latitude. 





"3709399 
. *3709244 
3709090 
-3708936 
3708783 
+3708630 
3708497 
+3708325 
‘3708174 


3708023 
+3707872 
"3707721 
$3797 572 
*3797422 
*3707273 
*3707125 
3706977 
+3706829 
-3706682 
+3700536 
+3700390 
*3706244 
*3706099 
"3705955 
*27058I11 


log e = (absinC) + x — 10 


The spherical excesses of the triangles are thus found to be 


£1 0+3942 f= 2+6370 n= 59265 
€,==0+5037 Ero == 23667 Eg 7°5864 
€,=0-1095 &y==7:1598 - Ey = 14-8086 
€5=0-4857 Fr2= 4°4004 . fo 5°5590 
£,=0-3804 ee 2 €,,=> 98-0157 
= 1-02.24 = 7+2129 €.,>= 8-6094 
&,==0-8001 ae 5069 &4,— 21> 6768 
€g==0-5010 6= 9" 2973 &,,= 12: +3897 


The following also enter into the side equations : — 


Beara ts 1”+2600 (DFG) + * 64 = 1” + 3413 


(DHG) + + é, = 57+ 6933 


N n2 
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Formation of the Algebraic Equations of Condition. 


f 

We must now append an unknown correction to each of the observed bearings, and . | 
then substitute them in the equations of condition. For these unknown corrections, the 
notation 


(1), (2), (3) (4) se + + (2) 


ee eat ote FEE TE 


is adopted as convenient: that is, the bearings being written out consecutively, the 2 
bearing has the quantity + (2) attached to it. 


The following Table contains the observed bearings for all the points in this figure :— 





Names or STATIONS. 


4 
: 
4 
‘ 
i 
t 
* 
4 
? 


: Reciprocal of 
Bearing. Weight. 








Bee a 





Slieve Snaght 129 31 56-89+ (1) 0-080 
| Drung Point - : 143 38 42-61-+ (2 0-206 | 
SOUTH END OF BASE.» Cundtham - 6 © « | 54 26 43-58+ (3 158 

Mount Sandy - + +{ 197 9 34:20+ (4 0-338 

North end of base «+ > 197 9 35°12+ © 0-226 

Sawel » + - - 855 5408+ (6) | 3-435 


South end sPhice oe 17 12 28-364 (7) L-211 
Drung Point: + + = 9° 49 46-56+ (8) 0-292 
Slieve Suaght + + +} or 37 42-67+ (9 0-886 
Cundtham: +.+ + » | 107 49 pe 

Mount sandy -% 8 © Ig7 12 24°41 -+(11) O-I4I 


NORTH END OF DASE + 


Mount Sandy -. . 2 66 sed: aA Sa 
North end of base . . Be sant 483 5 


? fet ots eS 
* ‘ : ely erg, 3S 
is iP eerie iA a as see Sih pratt ai: ms stat aah ke rae Bi agg | Ne ets, 
- 2 gL RS SR ee TR? be 3 ree 


0-285 

South end of base - 6 | 3239 3T 4r-3g+(14 0-314 

Slieve Snaght . . . 8 46-494-(1 Ie7I4 

| Mount Sandy ee vay 3 co 2 a fa a8 O39 
Heep ae Ie Knocklayd =. 6. 6] 942 9 a8-qr+(17 1-694. 


North end of base. - | 287 gt 4-17+(18 O-og! 
South end of base + + | 334. 20 eS O-ag1 
Sawel - - 2. 6 6 6 | 359 11 23-23+(20 1-695 


Sawel . . 4 9 39 17-31+(21) 0-638 
North end af take oo 17 13 11-94+(22) 0-064 
South end of base « - 17 13 15-38+(23) 0-206 
Drunge Point. - + > 77 4. 22-13-+(24) 0-218 
Gundtham os 8 «8 QI 13° 1+16-+(25) 0-193 
Slieve Snaght +. + - 93 46 32-4.4-+(26 2383 
Knocklayd” ee ee ey ey pe Bb ot 


+ 
I an ee ps = rane SE 5c 
é. 2 


| Mounr SANDY. 


| 
pone 
| 
+ 
_ 





From 


SLIEVE SNAGHT ° 


SAwee e « 


KE NOCKLAYD 


TROSTAN 


DImvIs « «6 


VICAR’S 


‘AIRN 
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Names or Stations. 





| 
: 


SLIEVE DONARD « « 


| Cur~cicy 


| 
| 
| 
: 
| 
a 


To 


Cuileagh - 
Knocklayd 
Mount Sandy 
Cundtham - 


t 
. 
e 
e 


North end of base 


Trostan -« « 
Divis 


Sonth end of age 


Sawel - «- « 


Cuileagh . 
Slieve “Snacht 


° 


North end of base 


Mount Sony 
Knocklayd 
Trostan . 
Divis 

Slieve Denard 
Vicar’s Cairn + 


Sawel - ‘ 
Mount Sandy 
Slieve Snaght 
Trostan « . 
Divis - « « 


Sawel - - . 
Slieve Snaght 
Knocklayd- ; 
Divis 


Slieve Donaed 


Vicar’s Cairn - 
Sawel 

Slieve Snaght 
Knocklayd 
Trostan 
Slieve Donard 


Cuileagh + - 
Sawel - « « 
Divis - 

Slieve Dead 


Cuileagh + + 
Vicar’s s Cairn , 
Sawel - 
Trostan -« «+ 
Divis 

Slieve Snaght 
Sawel - 

Vicar’s Cairn - 
Slieve Donard 





Ae 


36 17 40-47 me 


155 54 
188 51 
189 34 
2.32, 36 


82 41 
153 55 
226 52 
286 20 


QI 50 
106 53 
134 50 
171 9 
172 31 


195 19 
215 39 
961 42 
270 18 


Zf° 42a+ 

ws ae, 
Ai 40 

55° a 4] 

3° gt 42 

24 ey 43 

12:06 +(44 


36. ee 


12-09-+ 0 
47°49 -+ i 
48- ee 49 
2.2 “ee 50 


3 32-60+(52 


31-92-4-(53 
46-12-+(5 

27-08 +(55 
16-71 +-(56 
24°48 +(57 
45°91 +(58 
47°61 -+(59) 


} 
31 594 (00) 


2 as 


5°77 +(61 
54°37 +-(62 
I1-64-+(63 
58-79 +(6 

10-15+(65) 
10-05 +(66 

2°45 +(67 
41-86 -+(68 
49-62 +(69 
46:07 +(70 
23-89 4+-(71) 
52" pean ci 
41-93 -+(73 
14-77 +(74) 





Reciprocal of 


Weight. 


2*9C005 
1-0861 
09-2808 
O-4105 
0-3671 
1-82.57 
5-48 49 
1+7072 
0°3139 


4°1919 
0°3935 
0-1972 
O-Ilg44 
0-6304. 
0°395% 
0-5 746 
94091 
4°9953 


O-4652 


—Or1752 


02178 


0°3475 
04856 


26068 
3°4087 
0+2530 
O-5222 
eo Vi 


0°2775 
05492 
0-24.27 
0+5023 
09509 
O-7301 


15+51Q1 
7°7595 
O-4175 
2°1358 
0-24.32 
2:6985 
o-1815 
O-2167 
90-2586 


763281 


Ord. O24 
O°5 459 
S247 
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In the substitution of these ‘bearings in the equations of condition, we shall take first 
the angle equations in the order in which they have been deduced, and after them the 
side equations in the order in which ae have been deduced. The substitution will then 
be as follows :— Sones: : 7 


I. ae & UI. 
A= 53 30 525t— (2) + (5) 2 es A= 53 50 559— (2) + (CD 
B= 73 37 1820— (7)+ (83) * * E= 59 5f * 6-75 — (23) + (24) 
C= 52 51 48-28 —(13)+(14) . . | C= 66 37 59:39 — (12) + (14) 
179 59 58-99 1% 179, 59 57°73 
o+e=180 OO 00-3942 * + + Bote e= 180 OO 0-5037 
— 140.42 : — 2°7737 


o= —1:4042—(2)-+(5)—(7) #(8)—(13)+(24) = = 277372) +(4)—Ca2) +44) (23) +24) 


ITI. a eC - JTVWie + & 
i?) / é/ ; ‘ 2 ; ° / fi 
B=106 22 37:85— (8)+ (11) 1 + DS 63 17 242-87 — (16) + (19) 
E= 59 51 to019—(22)+(24) ~= = A= 42 42 50-62— (3)+ (4) 
C= 13 46 1-11 — (12) +((13) i = 73 59 45:78 — (23) + (25) 
17959 59°15 se E79 59 59°27 
180 + ¢ = 180 fe) O*I0Q95 | a 180 + ¢ = 180 oO | 0:4857 
—-90°9595 “ — 1°2157 


o=—0-9595— ok ae (12)+-(13)— eee "O= —1-2157—(3)-+(4)—(16) + (19) —(23) +(25) 


V. ann VI. 
D= 46 39 4862-(18)+(19) © °° F= 35 49 5-81 ~(30) +(35) 
A= 42 42 51-54— (3)+ G) 9 A= 67 37 37:31—- ()+ (4) 
B= 90 37 19:30- (7)+(10) © | : — E= 76 33 17-06 — (23) + (26) 
179 59 ~— 59°46 - 3 18 o of8 
180-+2e=180 0 00-3804 - + - 1o-e=180 o ~ 10224 ° 
— 0-9204 ) i — 08424 


o= —0-9204—(3)+(5)—(7)-+(10)— —(8)+C9) _  O= —0-8424—(1)+(4)—-(23) + (26) —(30) +35) 


VII. a VUL 
° t “ an ) / hd ° 
Fo27 57 9 7-94—(32)-+(35) . . . FF = 33° 27 20°87 — (31) + (35) 
Bee OP Or Seabe Aa GG): ee ee Bee be ane) 3) 
B= 84 25 J43t— (7)+ (9) © 9 © D121 37 53-94 — (19) + (15) 
18 oO 0-48 a . .- 180 Oo I+50 
180+¢=180 © 08001 | Bot! = 180 0 o-gor0 
R01 ie 4 + 0-9990 


om —0-3201 -(1) +(5)—-(7) +9) — 2) +9) _ 0 +0:9990—(1)-++(3)+(15)—(19) (31) +(35) 


2 Tan Het tance ET lar Fen ait ee Ma aS AR Rat 
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IX, 


G= 33 39 42-98 — (38) + (40) 


F= 62 13 4°34. — (30) + (36) 
E= 84 4 15.13 — (a1) + (26) 
180 o 1+79, 
10-+e=180 0 2-6370 
— 0-9170 
O= —0:9170—(21)+(26)—(30) +(36)—(38) + (40) 
XI. 
G= 76 42 30°42 — (38) + (41) 
= 62 56 20-44 —(29) + (36) 
H= 40 21 10-86 — (46) + (48) 
180 O (1°72 
180 + ¢ = 180 oO ne 
ee 
o= — 5+4398 —(29)-+(36)— =) +(42)— —(46)+(48) 
XITI, 
° f ff 
G= 13 5 8-49 —(41) + (42) 
H= 78 31 48-56 — (49) + (46) 
K= 88 23 6-94 —(51) + (53) 
180 O 3°99 
180 + « = 180 O 2°2461 
+ 1-7439 
O= +1+7439—(41)+(42)+(46)—(49)—(51)-+(53) 
XV. 
L= 59 54 7:11 —(57) + (60) 
G= 43 18 21+28 — (42) + (43) 
“K= 76 47 © ©38-86 —(54) + (51) 
Oo OO 7-25 
o+e=180 0 45069 
— 0:2569 
O= —0-2569—(42)-+(43) +(51)—(54)—(57) + (60) 
S 
XVII. 
L= 18 ar 21-43 — (57) + (58) 
G=133 6 0-19 —(38) + (43) 
F= 28 32 34-99 —(34) + (36) 
179-59 56-61 
180 + «= 180 ° 5°9265 


— 9°3165 
O= —9°3165—(34) + (36)—(38) +(43)—(87)-+(58) 


p4 
G= 32 57 3:25 — (38) + (39) 
P= 54 21 6-47 —(32) + (36) 
= 92 41 48:59— (6)+ (9) 
179 59 58431 
18o+<e=180 oO 2:+3667 
4:0567 
Om — 410567 — (6)+(9)- (2)4(36)— —(38)+(39) 
XII. 
G= 43 2 48-17 —(40) + (41) 
E= 97° I 37-13 —(27) + (21) 
H= 39 55 35:46.— (46) + (47) 
180 OO O76 
o+e= 180 0 44664 
= 3°7004 
O= —3+7064-+(21)—(27)—(40) + (41) —(46) +47) 
XIV. 
3 / ‘i 
G= 89 47 38-91 — (38) + (42) 
= 53 34 19-33 — (33) + (36) 
K= 36 38 7:62 —(51) + (52) 
18 oOo 5:86 
180 -+2e=180 o a 


— I°3 


Om —-1+3529—(33)+(36)— (38) + (42)— — (51) +(52) 


XVI. 
L= 56 34 23:13 —(57) + (59) 
G= 56 23 29-77 —(41) + (43) 
H= 67 2 13-82 —(50) + (46) 
180 O 6°72 
180 +¢= 180 fe) 92973 


— 25773 
= = 295773 —(41) + (43) + (46) — (G0) — (57) +591 


XVIII. 
N= 37 35 © 4-21 —(68) + (70) 
Gs 25 1 47-5 — (43) + G4) 
L=117 23 18-71 —(61) + (57) 
180 oO 10:07 
o0+e=i180 oOo 7-5864. 


+- 2-4836 
om +2+4836—(43)-+ (44) +(57)—- (61) — (68) + (79) 
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NIX, 
N= 36 13. 7:76 —(68) + (69) 
G= 68 20 8-43 —(42) + (44) 
RS 15 28 5192) TY) 


180 oO 14:09 
180 + ¢ = 180 o 614-8086 


— 0-7186 
om —0-7186 —(42)-+(44) + (51) —-(55) —(68) + (69) 
XXI. 
G= 44 33 11-78 — (43) + (45) 
L= 62 39 7:77 — (56) + (57) 
7257 __ 47-15 — (63) + (4) 
180 Oo 6-70 
1o+e=180 oO  8-0157 
— 13157 
o= —1-3157—(43) + (45) — (56) + (57) (63) + (64) 





AAMT. 
ce] / Mi 
O= 54 38 22-53 — (72) + (74) 
= 8 15 28-41 — (44) + (37) 
N= 43 6 31-81 — (66) + (68) 
180 OO 22:75 
180 -+¢= 180 oO 21-6768 
+ 1:0732 


o= +1-0732-+(37)—(44) — (66) + (68) —(72) + (74) 


KX. 


° / NW 
G= 19 31 24-63 — (44) + (45) 
N= 28 3 39-41 — (67) + (68) 
M=132 24 58-31 — (63) + (65) 
180 ° 2°55 
ISo+e=180 0 5.5590 
o= — 30090 — (44) +(45)— (63) + (65) —(67) + (68) 


SATT. 
ie] / ff 
O= 20 20 28-35 —(71) + (72) 
F= 40 2 57-09 — (36) + (28) 
G=119 36 44:25 —(37) + (38) 
180 oO 9:69 
iote=180 o 8-6094 
+ 1-0806 


O= + 1:0806 + (28) —(36)—(37) +(38)—(71)+(72) 


AAV. 


O= 46 2 49-69 — (72) + (73) 
G= 62 44 3-78 — (45) + (37) 
M= 7t 13 17-27 — (62) + (63) 
180 0 O44 
o+e=18 oO 12.3857 
— 16.497 
O= —1-6497 +(37)—(45)—(62) +-(63)—(72) +(73) 


In these equations the co-efficients of the unknown quantities (1), (2), (3) - - + are 
all units, positive or negative; in the side equations cach has a co-efficient to be calculated, 
on this principle: if A be any given angle, and x a very smail unknown angle whose square 


may be neglected, 


Jog sin (A + 2) = log (sin A +} x cos A) 
= log sin A + Mzxcot A . 


Where M is the modulus of the common system of logarithms. If x be expressed in 


seconds, not in arc, then 


log sin(A + z) = logsin A +peot Ax 


Where » = M sini”. The quantity » cot A x has therefore to be added to log sin A 


° 
3 


and as it is convenient to take out from the logarithmic tables those figures which are to 
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be added to the last decimals of 7-figure logarithms, we must add 7 to the logarithm of 


p-, so that 


log » = log Msin 7” = 1+ 3233592 


The calculation of the side equations will be as follows :— 


CEB = 59 51 
CAE= 53 30 
CBA= 73 37 
9°936 88.46 
9°905 2588 


XXV. 
“sin CEB sin CAE sin CBA __ 
sin CBE sin CEA sin CAB — 


9:982 COgI 


9°824 1525 


294 


aa 
o> + 3-298 — 


10:19 —0:0365 —(22)-+(24) CBE = 106 22 37:85 ~—0:0365— (8)+(11) 
51-59—0-1679— (2)+ (4) CEA = 59 51 6-75—-0-1679—(23)+(24) 
18-20—0-1314— (7)+ (8) CAB= 53 30 52-51—-0-1314— (2)+ (5) 
263 + 12-2284 {(24)—(22)} 9-982 0116 636+ 6-1878{ (8)—(11)} 
175+15-5719{ (4)— (2)} 9:936 8802 589+ 12-2289{(24)—(23)} 
154+ 6-1882{ (8)— (7)} 9°505 2603 069+15-5717{ (S)— ()I 
59% 9:824 1522 294 

298 

00002 (2) + 15-5719 (4) — 15+5717 (5) — 6-1882 (7) + 0-0004 (8) + 6-1878 (11) 


— 12-2284.(22) + 12-2289 (23) — 0-0005 (24). 


XXXVI. 


sin ACB sin AEC sin ADE sin ABD = 
sin ABC sin ACE sin AED sin ADB 





ACB = 52 51 48-28 —0-1314—(13)-+(14) ABC = 73 37 18-20—0-1314— (7) +(8) 
AEC = 59 51 6-75—-0-1679—(23) +(24) ACE = 66 37 59:39—0-1679—(12) +(34) 
ADE = 63 147 22-87—0-1619—(16)+(19) AED = 73 59 45:78—0-1619—(23)+(25) 
ABD = go 37 19:30—0:1268— (7)+(10) ADB = 46 39 48-62—0-1268—(18)+(19) 
9-901 5662 958+ 15-9452{(14) —(13)} 9-982 oogr 154+ 6:1882{ (8)— (7) 
9-936 8802 589+ 12-2289{(24)—(23)} 9:962 8351 240+ 9-0970{(14)—(12)} 
9950 9925 3964 10-5944{(19)—(16)} 9°982 8329 529+ 6-0391{(25)—(23)} 
9°999 9744 089+ 0-2286{ (7)—(10)} 9-861 7347 001+ 19-8668 {(19)—(18)} 
9°789 4135 032 9°789 4118 924 
18 924 
+ 16 108 


O= + 16-108 + 6.4168 (7) — 6-1882 (8) — 0+2286 (10) + 9:0970 (12) — 15-9451 (13) + 6-8481 (14) 
— 10-5944 (16) + 19-8668 (18) — 9-2724 (19) — 6+1898 (23) + 12+2289 (24) 
— 6-0391 (25). 
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sin AB sin ADF sin ABD _ 
sin ABF sin AFD sin. ADB 


o 6 U674 Mi ff 
AFB = 27 57 7:94—-0-2667—(32)+(35) 
ADF = 121 37 53:94—0:1670—(19)+(15) 
ABD = 90 37 19-30—0-1268— (7)+(10) 


9°670 9262 051 +39-6790{(35)—(32)} 
9°939 1529 171+12-9692{(19)—(15)} 
9:999 9744 089+ 0-2286{ (7)—)10)} 
9601 0535 311 
46 155 
— 10 844 


“oO ¢ a“ “ 
ABF = 84 25 14:31—0-2667— (7)+ (9) 
AYD= 33 27 20-87—0-1670—(31)+(35) 
ADB = 46 39 48-62—0-1268—(18)+(19) 


9°997 9375 820+ 2-05681 (9)— (7)} 
9°74 3823 3344+31-86441(35)—-G0)} 
9:861 7347 001+ 19-8668 {(19)—(18)} 


9-601 0546 155 


O= — 10:844 + 2-2854.(7) — 20568 (9) — 0-2286 (10) —12-9692(15) + 19-8668 (18) — 6-8976 (19) 
+ 31-8644 (31) ~ 39-6790 (32) + 7°8146 (35). 


sin AID sin AEF sin ADE 
sin ADF sin AFE sin AED 


AFD = 33 an 20-87 —0-1670—(31) +(35) 
AEF = 76 33 17-:06—0-3408 —(23)+(26) 
ADE = 63 17 22-87—0-1619—(16)+(19) 


9°741 3823 334+ 31-8644{(35)—(31)} 
9:987 9307 466+ 5-0337{(26)—(23)} 
9950 9925 396+ 10-5944{(19)—(16)} 
9:680 3056 196 
13 787 
+ 42 409 


° é ff Mf 
ADF = 121 347 53-94—0-1670—(19)+(15) 
AFE = 35 49 5-81—-0-3408—(30)+(35) 
AED= 73 59 45:78—0-1619—(23)+(25) 


9930 1529 171+ 12-9692{(19)—(15)} 
9°767 3155 087 -+29-1742{(35)—(30)} 
9:982 8329 529+ 6-0391{(25)—(23,)} 
9:680 3013 787 


© = + 42-409 + 12-9692(15) — 10-5944(16) — 253748 (19) + 1-0054 (23) — 6-0391(25) : 5 +0337 (26) 
-+ 29+1742(30) — at 8644.(31) + 2-6902 (35). 
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XXIX, 


291 


sin FGB sin FEG sin FBE _ 
sin FBG sin FGE sin FEB 


° / ff if , 

FGB= 32 54 3-25—0-7889—(38)+(39) 
FEG= 84 7 15:13 —0-8790—(21)+(26) 
FBE= 95 34 41-74-0-0741— (9)+(11) 
9°735 5326 024+ 32-4833 {(39)—(38)} 
9°997 7094 753+ 2-1682{(26)—(21)} 
9:997 9384 645+ 2-0564{ (9)—(11)} 

9°73 1805 422 

46 792 

— 41 370 


° / “/ 4 
FBG = 92 41 48-59—0-7889— (6)+ (9) 
FGE = 33 39 42-25—0-8790—(38) + (40) 
FEB = 76 33 20:50-—0-0741—(22)+(26) 


9°999 5188 215+ 0-9917{ (6)— (9)} 
9°743 7332 453 + 31-6169{(40)—(38)} 
9°987 9326 124+ 5-0333{(26)—(22)} 
9°731 1846 792 


O= — 41:370 — 0-9917 (6) + 3-0481 (9) — 2-0564 (11) — 2-1682 (21) + 50333 (22) — 2:8651 (26) 
— 0°8664 (38) + 32-4833 (39) — 31-6169 (40). 





XXX.’ 


sin GED sin GFE sin GDF a 
sin GDE sin GEF sin GFD ~ 


GED = Sr 33 43-83 —0-4200—(21) + (25) 

GEE = 62 13 4:34—0-8790—(30) +(36) 

GDF = 103 47 23-50~0-4471~(20)+(15) 
9°995 2733 042+ 3-1234{(25)—(21)} 
9°946 8080 1744+11-0929{(36)—(30)} 
9:987 2983 848+ 5°16765{(20)—(15)} 


9°929 3797 064 
813 188 


— 16 124 





GDE= 81 7 53°31 ~0-4200 —(16) +(20) 

GEF = 84 7 15:13—0-8790—(21)+(26) 

GFD= 59 51 19:40—0-4471 —(31)+(36) 
9°994 7764 574+ 3:285351(20)—(16)} 


9°997 7094 753+ 2+1682{(26)—(21)} 
9°936 8953 861+12-2272{(36)—(31)} 


9:929 3813 188 


O= —16-124— 5-16765 (15) + 3+28535 (16) +1+8823 (20) — 09552 (21) +3+1234 (25) — 2-1682 (26) 
— 11-0929 (30) + 12-2272 (31) —1+1343 (36): 





O 02 
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AX XI. 


sin GFE sin GHE sin GEH 
sin GEF sin GFH sin GHE 


o Uf al ‘“ oO ¢ «4 “ 
GFE= 62 13 4:34—0-8790—(30)+(36) GEF= 84 7 15-13—0.8790—(21)+(26) 
GHF = 40 21 10-86—2-3866—(46)+(48) GFH= 62 56 20:44. — 2+3866 —(29)+(36) 
GEH= 97 1 37:13—1-4888—(27)+(21) GHE = 39 55 35-46—1-4888 —(46)+(47) 
9:946 8080 174-4+11-0929{(36)—(30)} 9°997 7094 753+ 2-1682{(26)—(21)} 
9-811 2306 465+ 24-7815{(48)—(46)} 9°949 6424 594-+ 10-7567{(36)—(29)} 
9°996 7259 368+ 2-5952{(27)—(21)} 9807 3990 862+25-1584{(47)—(46)} 
9°754 7646 007 9°754 7510 209 
510 209 
+ 135 798 


O= +135-798 —0-4270 (21)— 21682 (26) + 25952 (27) + 10-7567 (29)— 11-0929 (30) +0:3362 (36) 
+0-3769 (46)— 25°1584.(47) + 24-7815 (48). 





XXXII. 


sin GHE sin GDH sin GED 7 
sin GEH sin GHD sin GDE 


o U4 iy, t O 4 4 Mf 
GHE = 39 55 35:46—1-4888—(46)+(47) GEN = 97 1 37-13 —1-4888 —(27)+(a1) 


—(15)+(17)} 
GDH = 80 1 54-82—1-8977—(17)+(20) GHD= 39 36 53-4546—-1-8977) —(29)+(31)} 
—(46)+(48)} 
GED = 81 33 43-85—0-4200—(21)+(25) GDE= 81 7 53:31 —0-4200 —(16)+(20) 
9-807 3990 862-+25-1584{(47)—(46)} 9°996 7259 368+ -2-5952{(27)—(21)} 
(17)—(15)} 
9°993 3933 153+ 3-7007{(20)—(17)} 9:804 5595 902+25-4384 4(31)—(29)} 
| (48) —(46)} 
9°995 2733 042+ 3-1234{(25)—(21)} 9°994 7794. 574+ 3°28535{(20)—(16)} 
9:796 0657 057 9°796 0619 844 
19 844 
+ 37 213 


Om + 37+213 +25:4384(15) +3°28535 (16)—29+1391 (17) + 0-41535(20) — 0-5280 (21)-+ 3°1234(25) 


— 2-5952 (27) +25+4384 (29) 25°4384 (31) + 0-2800 (46) + 25-1584 (47)—25-4384(48). 











aaa dT EE re 





see eat a 
Sate! OT ee Sar ye ge re, oF ge z 
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XXXII, 


sin GFH sin GKF sin GHK _ 
sin GHF sin GFK sin GQKH 


GFH =62 56 20.44—~2-3866—(29)-+(36) 
GKF =36 38 7-62—2-4043--(51) +(52) 
GHK=78 31 48-56—0-7487 —(49) +(46) 


9:949 6424 594+ 10-7567'(36)—(29)} 
9:775 7648 632-428-3149 |(52)—(51)} 
9-991 2388 2844+ 4:2723}(46)—(49)} 
G:716 6461 510 

366 o16 


+ 95 494 


GHF =40 21 10-86—2-3866—(46)-+ (48) 
GFK =53 34 19-33—2+4043—(33)+(36) 
GKH=88 23 6-94—0-7487 —(51) +(53) 


9°811 2306 465+24+7815{(48)—(46)} 
9°905 5784 924.+15+5395{(36)—(33)! 
9°999 8274 627+ 0+5936}(53)—(51)} 
9:716 6366 o16 


© = +95'494—10°7567 (29) + 15-5395 (33)—4-7828 (36) + 29-0538 (46)— 24-7815 (48) —4-2723 (49) 


—27°7213 (51) + 28-3149 (52)—0°5936 (53) 


XXXIV. 


sin GFK sin GLF sin GKL _ : 
sin GKF sin GFL sin GLK ~ 


GFK =53 34 19-33—2:4043—(33)+(36) 
GLF=18 21 23-43—1-9755—(57)+(58) 
GKL=76 47 38-86—2-5023—(54)+(s1) 


9:905 5784 924-415-5395, (36)—(33)} 
9-498 1869 857+63-4591'(58)—(57)} 
9:988 3594 756+ 4:9410}(51)—(54)} 


9°392% 1249 537 
183 617 


+ 65 920 


o é ¢/ ¢/ 
GKF=36 38 7-62—2-4043 —(51)+(52) 
GFL=28 32 34:99—1-9755—(34)+(36) 
GLK=59 54 7-11—2-5023—~-(57)+(60) 


9:775 7648 632 -+28-3149/(52)—(51)} 
9°679 2557 496+ 38-7103 {(36)—(34)} 
9:937 0977 489 -+12-2046|(60)—(57)} 


9°392 1183 617 


© = +65:920— 15-5395 (33)+38-7103 (34) —23-1708 (36) + 33-2559 (51) — 28-3149 (52) —4:9-410 (54) 
— 51-2545 (57) + 63-4591 (58)—12-2046 (60) 
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sin GLI sin GHIL sin GKH _ 
sin GKL sin GUE sn GHK * 


GLK =59 54 7-11 —2+5023—(57) +-(60) 
GHL=67 2 13-82—3-0991—(50)+(46) 
GKH=88 23 6-94—0+7487—(51)+(53) 


9937 0977 489+12-2046 {(60)—(57)} 
9°904 1428 102+ 8.92165{(46)—(50)} 
9°999 8274 627+ 0-5936 |(53)—(51)} 


9:901 0680 218 
67 802 





+ 12 416 


GKL=76 47 38-86-2503 (54) +(51) 
GLH=56 34 23-13—3-0991 (57) +(59) 
GHK=78 31 48-56—0-7487—{(49)-+(46) 


9-988 3594 756+ 4:9410:(51)—(54)} 
9921 4684 762+ 13-8980!(59)—(57)} 
9-991 2388 284+ 4-27231(46)—(49)} 
9:901 0667 802 


O = + 12-416+4-64935 (46)+4-2723 (49)—8-92165 (50)—5+5346 (51) +.0-5936 (53)-+4:9410 (54) 
+ 1:6934 (57)—13°8980 (59) + 12-2046 (60) 





sin GNL sin GKN sin GLK 


>, — I 


sin GLN sin GNK sin GKL 


GNL=37 95 4:21—-2-5288—(68)+(70) 
GKN=75 26 57-90—4:936%—(55)+(51) 
GLK=59 54 7:11—-2-5023—(57)+ (60) 


9785 2736 788+ 27-3567 |(70)—(68)} 
9:985 8395 551+ 54656, (51)—(55)} 
9°937 0977 489 +12-2046}(60)—(57)! 
9-708 2109 828 
082 392 
+ 27 436 


GLN=117 23 18-71 —2-5288 —(61) +(57) 
GNK= 36 13 7-76—4-9362—(68)-+(69) 
GKL= 76 47 38-86—2-5023—(54)+(51) 


9-948 3704 779+ 10-9083 '(61)—(57)} 
9-771 4782 857 +-28-7499}(69)—(68)} 
9:988 3594 756+ 4:9410((51)—(54)! 
9:708 2082 392 


Oo = + 27436 +0-5246 (51)-+4-9410 (54) —5-4656 (55)—1-2963 (57)-+412-2046 (60)~ 10-9083 (61) 
+ 1+3932 (68)—28+7499 (69)+ 27-3567 (70) 








weg sais, Mapp et” Tasers tee SSE AS 





Se a RR A Ree nie RE cui | En ET alana ia Rani ae 
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XXXVI. 


sin GMN sin GLM sin GNL 


sin GNM sin GMI. sin GLN 


\e] 4 4 Ml 
GMN = 132 24 58.51—1-8530—(63)+(65) 
GLM = 62 29 7-477—2-6719—(56)+(57) 
GNL = 37 35 4.91—2-5288—(68)+(70) 


9:868 2152 767 + 19-2366 {(63)—(65)} 
9:947 8687 283+ 10-9678{(57)—(56)} 
9°785 2736 788 + 27+3567{(70)—(68) 
9-601 3576 838 
491 539 
+ 85 299 


I 


GNM = 28 3 39-41—1-8530—(67)+(68) 
GML = 72 57 47:15—2-6719—(63)-+(64) 
GLN = 117 23 18-71—2-5288 —(61)+(57) 


9:672 4697 0144 39-4985{(68)—(67)} 
9:980 5089 746+ 6-4523{(64)—(63)} 
9°948 3704 779 + 10-9083 {(61)—(57)} 
9-601 3491 539 


0 = +85+299— 10-9678 (56) +- 21-8761 (57)— 10-9083 (61) + 25-6889 (63) — 6-45.23 (64) — 19-2366 (65) 
+ 39:4985 (67)—66+8552 (68)+27-3567 (70) 


XXXVITI. 


sin GNM sin GON sin GMO = 
sin GMN sin GNO sin GOM — 


GNM = 28 3 39-41—1:8530—(67)-+(68) 
GON = 54 38 22-53~—7-2256—(72)+(74) 
GOM = 71 13 17:27—4+1299—(62)+(63) 


9°672 4697 014+ 39-4985 {(68)—(67)} 
9-911 4280 201+14:9424 {(74)—(72)} 
9°976 2414 945-+ 7+15945{(63)—(62)} 
9°560 1392 160 
57 859 
+ 34 301 


GMN = 132 24 58-51—1-8530—(63)+(65) 

GNO = 43 6 31-81—7-2256—(66)+(68) 

GOM = 46. 2 49-69—4-1299—(72)+(73) 
9868 2152 767+ 19-2366{(63)—(65)} 
9:834 6500 599 +22-4947{(68)—(66)} 
9:857 2704 493 + 20-3001 {(73)—(72)} 
9-560 1357 859 


O= + 34-301 — 7.15945 (62) —12-07725(63) + 19-2366(65)-+ 22-4947 (66)— 39-4985(67) +17-0038 (68) 
+5:3577 (72)—20-3001 (73) +14+9424 (74). 
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AXXIX. 


sin GIF sin GNK sin GON sin GFO _ 
sin GFK sin GKN sin GNO sin GOF ~ 7 ° 


GKF = 36 38 7-62—2-4043—(51) +(52) GFK = 53 34 19-33—2:4043—(33)-+(36) 
GNK = 36 13 7:76—4-9362—(68) + (69) GEN = 75 26 57-90—4-9362—(55)-+(51) 
GON = 54 38 22+53—-7-2256—(72)+(74) GNO = 43 6 31-81—7.2256—(66)+(68) 
GFO = 40 2 57-09—2-8698 —(36)+(28) GOF = 20 20 28-35—2-8698—(71) +(72) 
9°775 7648 632+ 28-3149 {(52)—(51)} 9°905 5784 924+ 15-5395{(36)—(33)} 
9°77 4782 857 +28-7499{(69)—(68)} 9°985 8395 551+ 5:46561(51)—(55)} 
Q:QII 4280 201+14-9424{(74)—(72)} 9°834. 6500 599+ 22:4947{(68)—(66)} 
9:808 5042 860+ 25-0496'(28)—(36)} 9°541 0761 015+ 56-79641(72)—(71)} 
9°267 1754 550 9:267 1442 089 
442 089 
+ 312 461 


O= +312-461 + 25-0496 (28) + 15-5395 (33)—40°5891 (36)~33-7805 (51) +.28-3149(52) + 54556 (55) 
+ 2.24947 (66) — 51-2446(68) + 28-7499(69) + 55-7964(71)—71-7388(72) + 14-9424 (74) 





The 39 geometrical equations of condition, when expressed algebraically, are then as 
follows :— 
Equations A. 


— 14042 — (2) + (5) = (7) a (8) _ (13) + (14) 
— 27737 — (2) + (4) — G2) + G4) — (23) + (24) 
— 09595 — (8) + (1x) — (12) + (13) — (22) +4 (24) 
— 12157 — (3) + (4) — (16) + (19) — (23) + (28) 


= 
= — og2o4 — (3) + (5) — (7) + (to) ~ (48) + (19) | 
VI. o = — 08424 — (1) + (4) — (23) + (26) — (30) + (35) | 
VI, o = — 03201 — (1) + (5) — (7) + (9) — (32) + (35) | 
VIII. o = + 09990 — (1) + (3) + (15) — (19) — (31) + (35) | 
X. 0 = — 0-:9170 — (21) + (26) — (30) + (36) — (38) + (40) 
K.0 = — 40567 — (6) + (9) — (32) + (36) — (38) + (39) 
XI = 
XII. Oo = — 3°7064 + (21) — (27) — (40) + (41) — (46) + (47) 
XII + 17439 — (41) + (42) + (46) — (49) + (51) + (53) 


HW 


— 1+3529 — (33) + (36) — (38) + (42) — G1) + (52) 
— 02569 — (42) + (43) + Gr) — G4) — G7) + (0) 
995773 — (41) + (43) + (46) — (50) — (57) + (59) 


II 


h— 
=» «e« mo ee . 
00 0000000000000 0 


— 54398 — (29) + (36) — (38) + (41) — (46) + (48) 
! 
| 
: 


XXVI. 


SEVITI. 


XXVIII. 


XXIX, 


XXX. 


XAXXI. 


XXXII 


XXXIII. 


XXXIV. 


XXXY, 


AXXYVI. 


XXXVII. 


AXXYVIII, 


XAXIX, 


i 


Hout 
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— 9°3165— (34) + (36) — (38) + (43) — (57) + (58) 
+ 2+4836— (43) + (44) + (57) — (61) — (68) + (70) 
— 0*7186— (42) + (44) + (51) — (55) — (68) + (69) 
— 3:0090— (44) + (45) — (63) + (65) — (67) + (68) 
1+3157— (43) + (45) — (56) + (57) — (63) + (64) 
1-0806 + (28) — (36) — (37) + (38) — (71) + (72) 
1:0732-+ (37) — (44) — (66) + (68) — (72) + (74) 
16497 + (37) — (45) — (62) + (63) — (72) + (73) 


Leh | 


= + 3:2980--0-00015 (2)+15°5719 (4) — 1557175 (5) — 6-1882 (7) + 0:0004577 (8) 


+6-1878 (11) ~ 12-2284 (22)-+12-2289 (23)—0-0005 (24) 

+ 16-1080 -+6-4168 (7) — 6-1882 (8) — 0.2286 (10) + 9-0970 (12) — 15-9451 (13) 
+6-8481 (14) — 10-5944 (16) + 19-8668 (18) — 9-2724 (19)—6-1898 (23) 
+12+2289 (24) — 6-0391 (25) 

— 10-:8440+2-2854 (7) — 2:0568 (9) — 0:2286 (10) — 12-9692 (15) + 19-8668 (18) 
—6-8970 (19) + 31-8644 (31)—39-6790 (32) +7-8146 (35) 

+ 42-4090 -+12+9692 (15) — 10-5944 (16) — 2-3748 (19) + 1-0054 (23) — 6-0391 (25) 
+ 5:0337 (26) +29-1742 (30)— 31-8644 (31) +2-6902 (35) 

— 41-3700—0-9917 (6) + 3-0481 (9) — 2:0564 (11) — 2-1682 (21) + 5-0333 (22) 
—2-8651 (26)—0-8664 (38) + 32-4833 (39)— 31-6169 (40) 

— 16+1240—5-16765 (15) + 3:28535 (16) + 1-8823 (20) — 90-9552 (21) + 3-1234 (25) 
—2+1682 (26)—11-0929 (30) +12:2272 (31)—1-1343 (36) 


= +135-7980—0-4270 (21) — 21682 (26) + 2°5952 (27) + 10-7567 (29) — 11-0929 (30) 


+ 0+3362 (36)-+0-3769 (46)—25-1584 (47)+ 24-7815 (48) 


= + 37-2130+25-4384 (15) +3:28535 (16) — 29-1391 (17) +0-41535 (20) —0-5282 (21) 


+ 3°1234 (25)—2-5952 (27) + 25+4384 (29) — 25-4384 (31) + 09-2800 (46) 
+25°1584 (47)—25°4384 (48) 
+ 95+4940— 10-7567 (29) +15-5395 (33) — 4°7828 (36) + 29-0538 (46) — 24-7815 (48) 
—4-2723 (49)—27-7213 (51) + 28-3149 (52)—0-5936 (53) 
+ 65:9200—155395 (33)+38-7103 (34)—23:1708 (36) + 33-2559 (51) — 28-3149 (52) 
—4-9410 (54)— 51-2545 (57) + 63-4591 (58)— 12-2046 (60) 
++ 12-4160+4-64935 (46) + 4:2723 (49) — 8-92165 (50) — 5-5346 (51) +0+5936 (53) 
+4:9410 (54)-+ 1-6934 (57)—13-8980 (59) + 12-2046 (60) | 
+ 27-4360-+0-5246 (51) + 4:9410 (54) — 5:4656 (55) — 1-2963 (57) + 12-2046 (60) 
— 10-9083 (61)-+ 1-3932 (68)—28-7499 (69)-+ 27-3567 (70) | 
+ 85-2990—10-9678 (56) + 21-8761 (57) — 10-9083 (61) + 25-6889 (63) — 6-4523 (64) 
— 19-2366 (65) + 39-4985 (67)—66-8552 (68) + 27-3567 (70) 7 
+ 34-3010—7-15945 (62) —12-07725 (63) + 19-2366 (65) + 22-4947 (66)—394988 (67) 
+ 17-0038 (68) + 5:3577 (72) — 20-3001 (73) +14-9424 (74) : 
+ 312-4610-+25-0496 (28)-+15-5395 (33)—40-5891 (36)—33-7805 (51) -+ 28-3149 (52) 
+ 5-4656 (55)+22-4947 (66)—51+2446 (68) + 28-7499 (69) + 56-7994 (71) 
= 71+7388 (72) +14+9424 (74) 


Pp 
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These equations correspond to the equations of condition (1) 


OF A+, 2%, +0,%,4+ 0,2, +°°° 
O=b+6,2,+),2, +b,2,+-+- 
O>e+e, 4%, + 6,7, +6, 2%, +2+- 





H 


Qt 91 Uy + 9a % + 9,23 teres 


0 


es wert T= ee eee 
He de See Stage ae gn ah at act oe tee 


at page 262, and we have now to form the next set of equations; namely equations (5) 
page 263 — 

W, %, = a, Ay +O, Ay Hep Ag et Gy An 

W,X, == a, A, + OA, + OLAS bee GA, 

W, %; = a, Ay + b, A, + 6, Aa, ++ * G3; An 





Wry Ty, = Ay Ay + by, Ay + Cm A; 5 ee Im An 


MH te 


a, A, 4, ° + + being anew system of unknown quantities. These quantities are gencrally 
designated by the Roman numerals 


I, Il, II, IV, V,°° °° 


The method of formation of this second set of equations is obvious, the symbols 
U,%, U, + + * %, Corresponding with the symbols (1), (2), (3) - - + (m). They are as 
follow :— 








— (7)=—-I1-V-W-— 61882 XXV + 6-4168 XxvI + 9°2854 XXVII 
(8) = +1 — WI + 0-0004 XXV — 6-1882 xxvI 

(9) = + VIL + X — 2-0568 XXVII + 3-0481 XXIX 

1 (10) = + V — 0-2286 XXVI — 0.2986 xxviI 

(11) = + I + 6-1878 XxXvV — 92-0564 XXxIX 

_t_ (12) = — Il — WI + 90970 xXxvI 


Equations B. | 

+. (1) = — VI— vi — vu . 
— (2) = — 1 — II — 0-0002 XXV 
Tie (3) = —IV— V+ VU | : 
i (4) = + U + IV + VI + 155719 XXV : 
0°338 ‘ 
t (es) = +I V + VIL — 15-5717 XXV | 
0°226 
rt (6) 2 —X — O-90917 XXIX 
3+4355 ( ) 9977 ; 
(' 


o 
- 
tn 
~ 
WE er ok am ee ree 





o*251 

rr (13) = — I + WI — 15-9451 Xxvi 2 
ar (14) = + 1+ Il + 6.8481 xxvi 
arr (15) = + VIIE — 12-9692 XXVIII + 19-9692 XXVIII — 5+16765 XXX + 25-4394 XXXII 


1_ (16) = — IV — 10-5944 XXVI — 10-5944 XXVIII + 3:28535 XEX + 328535 XXXII 





ee aphetiee 2 Bere op TRA ae ag ee 
Ac se Pea he ae - “ 


a 





si; (19) = 





arr (23) = 








aa (29) = 
tp (30) = 
ss, (31) = 
sam (3%) = 
amy (33) = 
fay (34) = 
Top (35) = 
sn (39) = 


Tun (37) = 
sto: (38) = 
sn (39) = 
sir, (4°) = 
saa (41) = 
stn (42) = 
cay (43) = 
a= 
Tan (48) = 
sae 40) = 


rere Cp 
a (48):= 
e249) = 
yg (5°) = 
ag (51) = 


yon, (52) = 
e535) S 
Bos) = 


tL 
+4 


REDUCTION OF THE TRIANGULATION. 299 


29°1391 XXXII 

V + 19-8668 xXxvI + 19-8668 XxvII 

IV -+ V — VIE — 9:2724 XXVI — 6-8970 XXVII — 2+3748 XXVIII 

1+8823 XXX + 0-41538 XXKII 

IX + XIL — 21682 XXIX — 0:9552 XXK — 0:4270 XXKI — 05282 XXXII 

HI — 12:2284 XKV + 5:0333 XXIX 

TT — IV — VI + 12-2289 XXV — 6-1898 XXVI + 10054 XXVIII 

II + Ill — 0:0005 XXV + 12+2289 XXVI 

IV — 6:0391 XKVI — 6-039I XXVIII + 3°1234 XXX + 3-1234 XXXII 

VI + IX + 5:0337 XXVIII — 2+8651 XXIX — 2-1682 XXX — 23-1682 XXXI 

XII + 2°595% XXXI — 2°5952 XXXII 

XXII +- 25:0496 XXXIX 

XI + 10-7567 XXXI + 25-4384 XXXII — 107567 XXXIII 

VI — IX + 29:1742 XXVIII —~ 11-0929 XXX — 11-0929 XXXI 

VII + 3%+8644 XXVII — 31-8644 XXVIII + 12+2272 XXX — 25-4384 XXXII 

VII — X —39-6790 XXVII 

RIV + 15°5395 XEXIIT — 15+5395 XXXIV + 15-5395 XXXIX 

XVII + 38-7103 XXXIV 

VI + VIL + VII + 7-8146 XXVIL + 2+6902 XXVIII 

IX + X + XI + XIV + XVII — XXII — 1-1343 XXX + 0+3362 XXKI — 4:7828 XXXII 
— 23-1708 XXXIV — 40°5891 XXXIX 

XXII + XXIII -+ XXIV 

IX — X — XI — XIV — XVII + XXII — 0-8664 XXIX 

X + 32°4833 XXIX 

IX — XII — 31-6169 XXIx 

XI + XII — XIII — XVI 

XIN + XIV — XV — XIX 

XV + XVI + XVII — XVIII — XXI 

XVII + XIX — XX — XxIII 

XX + XXI — XXIV 

KI — XII + XHI + 0-3769 XXXI + 0-2800 XXXII + 29-0538 XKXIII + 4:64935 XXXV 
+ XVI 

XII — 25-1584 XXXI + 25-1584 XXXII 

XI + 24-7815 XXXI — 25-4384 XXXII — 24-7815 XXXII 

XUI — 4°2723 XXXUI + 4+2723 XXXV 

XVI — 8-92165 XXXV 

XIII — XIV + XV + XIX — 27-7213 XXXIII + 33-2559 XXXIV — 5°5346 XXXV 
+ 0:5246 XXXVI — 33-7805 XXXIX 

XIV + 28-3149 XXXII — 28-3149 XXXIV + 28-3149 XXXIX 

XTIT — 0+5936 XXXII + 0-5936 XXXV 


— XV — 4°9410 XXXIV + 4°9410 XXXV + 4-9410 XXXVI 


Ppe 
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ma, (55) = — XIX — §-4656 XXXVI + 5-4656 XXxIx 
way, (56) = — XXI — 10-9678 XXXVI 
sum (57) = — XV — XVI — XVIT + XXI — 51-2545 XXXIV + 1-6934 XXXV — 3:2963 XXXVI 





+ 21-8761 XXXVII + XVIII 


sis, (58) = + XVII + 63-4591 XXXIV 
spa; (59) = + XVI — 13-8980 Xxxv ! 
sayy (60) = + XV — 12-2046 XXXIV + 12-2046 XXXV + 12-2046 XXXVI ) 
rai (61) = — XVIIL — 10-9083 XXXVI — 10-9083 XXXVII ! 
iFaigi (62) = — XXIV — 7-15945 XXXVI : 
saz: (93) = — XX + XXIV + 25-6889 XXXVI — 12-07725 XXXVIIJ — XXI 


sare (04) = + XXI — 6-4523 XXXVII 
Tis (65) = + XX — 19-2366 XXXVII 4- 19-2366 XXXVIII 
Say (66) = —~ XXIM + 29-4947 XXXVIIL + 22-4947 XXXIX 





veg (67) = — XX + 39-4985 XXXVII — 39-4985 XXXVIII 
sis (68) = — XVII — XIX + XX + XXIII + 1-393% XXXVI — 66-8552 XXXVII + 17-0038 XXXVIII , 


— 51°2446 XXXIX 
coy (69) = + XIX — 28-7499 XXXVI + 28-7499 XXXKIX 
Saas (70) = + XVI + 27-3567 XXXVI + 27-3567 XXXVI 
sos (71) = — XXIL + 56-7964 XXXIX 
syn, (72) == + XXIT — XXII — XXIV + 5.3577 XXXVIII — 71-7388 XXXIX 
TT: (73) = + XXIV — 20-3001 XXXVIII 
oeay (7-4) = + XXIII + 14-9424 XXXVIIL + 14-9424 XXXIX 





From these equations we immediately derive the values of (1), (2), (3)... in terms of 
Ty ity Tl «43% : 


Equations C. 


(1) = — 0-080c VI — 0-0800 VII — 0:-0800 VIII 
(2) = — 0-2060 I — 0-2060 II —~ 0-0000309 XXV 
(3) = — 01580 IV — 0-1580 V + 0-1580 VIII 
(4) = + 0-3380 11 + 0-3380 IV + 0-3380 VI + 5203302 XXV ai 
(5) = + 0-22601 + 0-2260 V + 0-2260 VII — 3°519215 XXV 
(6) = — 3:4355 X — 3°406950 XXIX : 
(7) = — PaTIOT — T2110 V — 1-210 VIl — 7-493936 XXV + 7°770745 XXVI + 2767619 
XXVIL 
(8) = + 02920 I — 0-2920 III + 0-000133648 XXV — 1-806961 XXVI 
(9) = + 0-8860 VII + 0-8860 X — 1-822325 XXVII + 2-700616 XXIX 
(10) = + 1-0230 V — 02338578 XXVI — 0-2338578 XXVII 
(11) = + O-I410 UI + 0-872475 XXV — 0-2899533 XXIX 
(12) = — O-251O IT — O-2510 UIT + 2-283347 XXVI 
(13) = — 0-28501 + 0-2850 HI — 4:544353 XXVI 





-. 
-L 


fttet+tt+ 


++ 
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O-3140 I + 00-3140 If + 2-150303 XXVI 
1+-7140 VIII — 22-229306 XXVIT + 22:229306 XXVIII — 8.854355 XXX + 
4360142 XXXII 
O-3590 IV — 3-803400 XXVI — 3-803400 XXVIII + 1+179440 XXX + 1I+179440 XXX 


49°361636 XXXII 


O-O09I0 V + 1-807879 XXVI + 1-807879 XXVII 

O-2910 IV + 0-2910 V — 0-2910 VII — 2-698269 XXVI — 2-007202 XXVII — 
06910668 XXVIII 

3°190499 XXX + 0-704182 XXXII 

0:6380 IX +- 0-6380 XIE — 1-383300 XXIX — 0:6094176 XXX — 0:272426 XXKXI 
~ 0°3369916 XXXII 

0-06.40 III — 0-7826204 XKV + 0-3221293 XXIX 

0-2060 II — 0:2060 IV — 0:2060 VI + 2°51QI159 XXV — 1°275099 XXVI + 
0-2071124 XXVIII 

6-2180 II + 0-2180 III — 0-000I0g XXV + 2+66590 XXVI 

O-1930 IV — 1:165537 XXVI — 1-165540 XXVIII + 0-602817 XXX + 0-602817 XXXII 

0-3830 VI + 0-3830 IX + 1-927896 XXVIIT — 1-097333 XXIX ~ 0-830414 XXX 
— 0-830414 XXXI 

0-370 XII + 0-9628056 XXXI — 0-9628056 XXXII 

2°9005 XXII + 72-65638 XXXIX 

1-O861 XI + 11-68286 XXXI + 27-62865 XXXII — 11-68286 XXXII 

0:2808 VI — 0.2808 IX + 8-19212I XXVIIL — 3-114876 XXX — 3-114876 XXXI 

O-4105 VII + 13:08033 XXVII — 13-08033 XXVIII + 5:019283 XXX — 10-44247 XXXII 

0-3671 VIL — 0:3671 X — 14°56616 XXVII 


“1-82.59 XIV + 28+37042 XXXIII — 28-37042 XXXIV + 28-37042 XXXIX 


5:4849 XVII + 212+3223 XXXIV 

1-7072 VI + 1+7072 VIL + 1+7072 VIIT + 13+34109 XXVII + 4-592710 XXVIII 

0-3139 IX + 00-3139 X + 00-3139 XI + 0-3139 XIV + 03139 XVI — 0:3139 XXII 
— 03560567 XXX + 01055332 XXXI —~ 1-501321 AXXUI — 
7+293313 XXXIV — 1274092 XXXIX 

4-IQIg XXII + 4°I191Q XXIII + 4-1919 XXIV 

0-3935 IX — 0-3935 X — 0-3935 XI — 0°3935 XIV — 0-3935 AVH + 0°3935 XU 
— 03409283 XXIX 

0-1972 X + 6-405713 XXIX 

O-1944 IX — O-I1944 XII — 6-146330 XXIX 

0:6304 XI + 0-6304 XII — 0-6304 XIII — 0-6304 XVI 

0-395% XIII + 0-3952 XIV — 0-3952 XV — 0-3952% XIX 

0-5746 XV + 05746 XVI + 0-5746 XVII — 0-5746 XVHI — 00-5746 XXI 

24091 XVIII + 2-4091 XIX — 24091 XX — 22-4091 XXXII 

4°9953 XX + 49953 XXI — 4°9953 XXIV 

O-465%2 XI — 0-4652 XIL + 0-4652 XIIE + 0-4652 XVI +. 0-1753339 X*&I = 
0-130256 XXXII + 13-51583 XXXIII + 2+162878 xxxv 

O-1752 XII — 4-407756 XXXI + 4:407756 XXXII 

0-2178 XI + 5.397409 XXXI — 5+540485 XXXII — 5-397409 XXXIII 

O°3475 XIIE — 1-484613 XXXITT + 1-484613 XEXV 
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(50) = — 0+4856 XVI — 4:332350 XXXV 

(st) = — 2-6068 XIII — 26068 XIV + 2-6068 XV + 2.6068 XIX — 72-26388 XXXII + 86.69148 
XXXIV — 14:42759 XXXV + 1+367527 XXXVI — 88-05902 XXXIX 

(52) ees Ai 34087 XIV + 96°51704 XXXIII — 96-51704 XXXIV + 96°51704 XXXIX 

(53) = + 0-2530 XIIL — 0-1501863 XXXIII + 01501863 XXXV 





(54) = — 0:5222 XV — 2°580189 XXXIV + 2-580189 XXXV + 2+580189 XXXVI 

(55) == — 22144 XIK — 12°10306 XXXVI + 1210306 XXXIX : 

(56) = — 0°2775 XXI — 3:043555 XXXVII 

(57) = — 0:5482 XV — 0-5482 XVI — 0-5482 XVII + 0-5482 XVII + 0-5482 XXI — 28.09771 XXXIV | 
+ 0928322 XXXV — 0-7106316 XXXVI + 11-99248 XXXVII 

(58) = + 02427 XVII + 15+40153 XXXIV 

(59) = + 0°5023 XVI — 6-980960 XXXV 

(60) = + 0-9509 XV — 11-60539 XXXIV + 11-60539 XXXV + 1160539 XXXVI 

(61) = — 0-9301 XVII — 7-96415 XXXVI — 7-96415 XXXVII 





(62) = ~ 15-5191 XXIV — 111-10815 XXXVIII 

(63) = — 7°95905 XX — 7°7595 XXI + O7°7595 XXIV + 199+3330 XXKVIT — 9371343 XXXVIII 

(64) = + 04175 XXI — 2693856 XXXVII 

(65) = + 2-13958 XX — 41-08561 XXXVII + 41-08561 XXXVIII 

(66) = — 0-2432 XXIII + 5°470710 XXXVIII + 5-470710 XXXIX 

(67) = — 2:6985 XX + 106-5867 XXXVII — 106-5867 XXXVIII 

(68) = — 0-1815 XVIII — 0-1815 XIX + 0-1815 XX + 0-1815 XXUI+0-252866 XXXVI—12°134218 
XXXVII + 3-086189 XXXVIII — 9:300894 XXXIX 

(69) = 0-2167 XIX — 6-230103 XXXVI + 6:-230103 XXXIX 


+ 
+ 0-2886 XVIIL + 7-89515 XXXVI + 7°89515 XXXVII 
— 1°3981 XXII + 75-43135 XXXIX 
(72){= + 04924 XXII — 0-4924 XXIII — 0-4924 XXIV + 2°638131 XXXVIII — 35°32418 XXXIX 
yoo + : 
+ 





O-5455 XXIV — 11:07372 XXXVIII 
0:8247 XXIII + 1232297 XXXVIII + 12+322907 XXXKIX 


Yhe next step is the substitution of the quantities (1), (2), (3) thus expressed, 
in the 39 equations of condition A., and the following is the result of the substitution :— 


Liquations D, 


O = — 1+4042 + 2°53401 + 05200 Il — 0-5770 LIL + 1:4370 V + 1°4370 VII + 3:974886 XXV 
— 2-883050 XXVI — 2-467619 XxvII 


O = — 27737 + 90-5200 I + 15330 IL + 04690 IIL + 0-5440 IV + 0-5440 VI + 2+744065 XXV 
+ 3807955 XXVI — 0-2071124 XXVIII 

Oo = — 0:9595 — 9°5770 I + O-4690 IE + 12510 IIL + 16548528 XXV — 2-354839 XXVI 
— 0-6120826 XXIx 

O = — 12157 + 0°5440 II + I-5450 IV + 0°4490 V + 05440 VI — 04490 VIL + 2°744143 XXV 
+ 1214693 XXVI — 2-00726% XXVII + 1739681 XXVIII — 0+5466226 XXX 


— 0:5766226 XXXII 


O = — 0:9204 + 1°43791 + 09-4490 IV + 3-0000 V + 1:4370 VII — 0-4490 VIII + 3:974721 EXV 
— 12510751 XXVI — 6-816558 XXVII — 0-6910668 XXVIII 





REDUCTION OF THE TRIANGULATION. 303 


0+8424 + O-5440 IT + o-s440 IV + 2:9980 VI + 1+-7872 VIE + 1-7872 VIII + 0-6638 IX 
+ 2744143 XXV + 1:275099 XXVI + 13-34109 XXVII — 1-878627 XXVIII 
— 1:097333 XXIX + 2-284462 XXX + 2-284462 XXXI ; 
O-3201 + 1-4370 I + 1-4370 V + 1-7872 VI + 4-4773 VIL + 1-7872 VIIT + 12531 X 
+ 3°974721 XXV — 7-770745 XXVI + 23-31731 XXVII + 4+5927I10 XXVIII 
+ 2°700616 XXIX 
F 09990 — 04490 IV — 0-4490 V + 13-7872 VI + 1-787 VII + 4:3607 VIII + 2:698269 XXVI 
— 19:96134 XXVII + 40°593413 XXVIII — 13-876638 XXX + 54:04389 XXXII 
— 0:9170 + 0°6638 VI + 2-2036 IX + 0-7074 X + 0-7074 XI — 0-8324 XIE + 0-7074 XIV 
++ 0°7074. XVII — 0°7074 XXII — 6-264225 XXVIII—5+519438 XXIX + 2°537823 XXX 
+ 2°662421 XXXI + 0-3369916 XXXII — I-501321 XXXIII — 7-273313 XXXIV 
— 12+74092 XXXIX 
4:0567 -+ 1+2531 VIE + 0-7074 IX + 5+5932X + 0-7074 XI + 0-7074 XIV + 0-7074 XVII 
— 0-7074. XXII + 12+743835 XXVII + 12-854907 XXIX — 09560567 XXX 
+ 0°1055332 XXXI — 1+50132% XXXIII — 7-273313 XXXIV — 1274092 XXXIX 
— 5:4398 + 0-7074 IX + 0-7074 X + 3-1069 XI + 1-0956 XII — 1-0956 XIII +-0-7074 XIV 
— 1:0956 XVI + 0-7074 XVII — 0+-7074 XXII + 0-3409283 XXIX — 0°3560567 XXX 
— 6+35525% XXXI — 33-299391 XXXII — 8.73170 XXXII — 7:273313 XXXIV 
— 2+162878 XXXV — 12-74092 XXXIX 
— 3°7004 — 0:8324 IX + 1-0956 XI + 2°4742 XII— 1:0956 XIII—1+0956 XVI + 4+763033 XXIX 
— 0:6094176 XXX — 5-8183215 XXXI + 4:903314 XXXII — 13+51583 XXXII 
— 2°162878 XXXV | 
+ 17439 — 1-0956 XI — 10956 XII + 4:6981 XIII + 3-0020 XIV — 3-0020 XV + 1-0956 XVI 
— 3:0020 XIX + 0-1753339 XXXI + 0-130256 XXXII + 87-I13414 XXXII 
— 86-69148 XXXIV + 15-256041 XXXV — 1-367527 XXXVI + 88-05902 XXXIX 
— 163529 + 0+:7074 IX + 07074 X + 0-7074 XI + 3:0020 XIII + 8-9438 XIV — 3:0020 XV 
+ 0:7074 XVII — 3-0020 XIX — 0-7074 XXII + 0-3409283 XXIX — 0-3560567 XXX 
+ 0+1055332 XXXI + 138-go918 XXXIII — 162-I11I41 XXXIV + 1442759 XXXV 
— 1:367527 XXXVI + 143°46472 XXXIX 
— 02569 — 3:0020 XIII — 30020 XIV + 5:5979 XV + 1-12298 XVI + 11-1228 XVII 
— 1-1228 XVIII + 3-0020 XIX—1-1228 XXI~—72-26388 XXXIII + 105-76399 XXXIV 
— 6-330711 XXXV + 11-+10336 XXXVI — 11-99248 XXXVII — 88-05902 XXXIX 
— 25773 — 10956 XI — 1-0956 XII + 1-0956 XII + 11-1228 XV + 3+2063 XVI + 1-1228 XVII 
— 1-1228 XVIII—1-1228 XXI+0-1753339 XXXI-+0+1302.56 XXXII -+ 13°51583 XXXII 
+ 28-09771 XXXIV — 1-414048 XXXV + 0-7106316 XXXVI — 11-99248 XXXVI 
— 9°3165 + 0-7074 IX + 0-7074. X + 0-7074 XI + O-V074 XIV + 1-1228 XV + 1-12.28 XVI 
+ 97-5578 XVII — 1-1228 XVIII — 11-1228 XXI — 0-7074 XXII + 0+3409283 XXIX 
— 0:3560567 XXX + 0-1055332 XXXI — I-501321 XXXIII — 17609637 XXXIV 
— 0°928322 XXXV + 07106316 XXXVI — I1-99248 XXXVII — 12+74092 XXXIX 
+ 24836 — 161228 xv ~ 1-12998 XVI — 11228 XVIE + 4-7321 XVII + 2:5906 XIX 
— 2°5906 XX + 1+1228 XXI — 2-5906 XXIII — 28-09771 XXXIV + 0-928322 XXXV 
+ 14-895802 XXXVI + 39-98600 XXXVII — 3-086189 XXXVIII + 9-300894 XXXIX 
— 07186 — 3.0020 xmm — 30020 XIV + 3:0020 XV + 25906 XVIII + 8-0237 XIX 
— 2+5906 XX—2+5906 XXIII—72-26388 XXXII + 86-69148 XXXIV —14+42759 XXXV 
+ 6-987618 XXXVI + 12-134218 XXXVII — 3-086189 XXXVIII + 84-63108 XXXIX 
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— 3:0090 — 23906 XVIII — 2-5906 XIX + 20-1797 XX + 12-7548 XXI + 2-5906 XXIII 
— 12-7548 XXIV + 0:252866 XXXVI — 359-1395 XXXVIL + 244°-47193 XXXVHI 
— 9:300894 XXXIX 

— 169159 — 11228 XV ~— 11228 XVI — 31-1228 XVIE + 1-1228 XVIIT + 12-7548 Xx 
+ 14:5726 XXI ~ 12-7548 XXIV — 28-090771 XXXIV + 0-928322 XXXY 
— 0-7106316 XXXVI — 186-99082 XXXVII + 93-71343 XXXVIII 

+ 1:0806 — 0-7074 IX — 0-7074 X — 0-7074 XI — 0-7074 XIV ~ 0-7044 XVII + 9:6203 XXII 
— 46843 XXIII —4:6843 XXIV —0-3409283 XXIX + 03560567 XXX —0-1055339 XXXI 
+ I+501321 XXXII + 7-273313 XXXIV + 2-638131 XXXVIII — 25-95893 XXXIX 

+- 1:0732 — 2+5906 XVIII — 2-5906 XIX + 2:5906 XX — 4-6843 XXIT + 8-3498 XxIII 
+ 4:6843 XXIV + 0-252866 XXXVI — 12:134218 XXXVII + 7-30032 XXXVIII 
+ 3287555 XXXIX | 

— 1:6497 — 12:7548 XX — 12-7548 XXI — 46843 XXIZ + 4:6843 XXIII + 33-5037 XXIV 
+ 199-3330 XXXVII + 3:68287 XXXVIII + 35-32418 XXXIX 

+ 3:2980 + 3:9748861 + 2+744065 IL + 1:-6548528 IIL + 2-744143 IV + 3°974721 V 
4+- 29744143 VI+3:97421 VI+228-90961 XXV — 63-68234 XXVI — 17-12664 XXVII 
+ 2532763 KXVIIL — 5+733303 XXIX 

+ 16-1080 — 2-883050 I + 3:807955 Il — 2-354839 III + 1-214693 IV ~ 12-510751 V 
+- 1275099 VI—7°770745 VII + 2-698269 VIII—63-68234 XXV + 317-81935 XXVI 
+ 7234106 XXVIL + 52-45947 XXVIII — 16-135952 XXX — 16-135952 XXXII 

— 10:8440 — 2°76719 I — 2-007202 IV — 6-816558 V + 13+34109 VI + 23-31731 VII 
— 19-96134 VIII+12+743835 X—17+12664. XXV+72°34106 XXVI-+ 1447-2082 XXVII 
— 664:4370 XXVIII — 5-554628 XXIX + 274-8096 XXX — 898-2208 XxxII 

+ 424090 — O-2071124 IL,+ 1-739681 IV — 0-6910668 Vv — 1-878627 VI + 4:59271 VII 
++ 40+593413 VIII—6-264225 IX+2-532763 XXV-+59-45047 XXVI—664-4370 XXVII 
+t 1015+3352 XXVIIT — 5-523615 XXIX — 385-9996 XXX — 9Q5-0541I XXXI 
+ 882-0848 XXXII 

— 41°3700 — 0-6120826 Ilr — I:097333 VI + 2°700616 Vip = 5+519438 IX + 12+854207 X 
+ 0+3409283 XI+-4-763033 XI+0-3409283 XIV-+0:3409283 XVII—0-3409823 XXII 
— 5°733303 XXV — 5:554628 XXVIE — 5-523615 XXVIII + 422-6737 XXIX 
+ 3°700548 XXX + 2-969888 XXXI + 0-7306593 XXXII 

— 16:1240 — 0+5766226 IV + 2-284462 VI — 13-876632 VIII + 2+537823 IX — 0-3560567 X 
— 0+3560567 XI—0-6094176 XII—0-3560567 XIV—0-3560567 XVII + 0-3560567 XXII 
— 16+135952 XXVI + 274-8096 XXVII — 385-9996 XXVIII + 3-700548 XXIX 
+ 3156-24630 XXX + 36-49391 XXXI — 345-5948 XXXII + 1-702948 XXXII 
+ 8-25011g XXXIV + 1448202, XXXIX 

+ 135+7980 + 2-284462 VI + 2-662421 IX + 0-1055332 X — 6-355950 XI — 5-8183915 XII 
+ 01753339 XI + 0-1055332 XIV + 01753339 XVI + 0-1055332 XVII 
— 0°1055332 XXII — 95-0541I XXVIII + 2-969888 XXIX + 36-49391 XXX 
+ 409-3870 XXXI + 46-6940 XXXII — 254-8355 XXXIII — 2-445988 xxxIv 
+ 0-515189 XXXV — 4283407 XXXIX 

+ 37°2130 — 0-5766226 IV + 54-04389 VIII + 0+3369916 IX — 33-299391 XI + 4°903314. XII 
-+ 0+1302560 XII + 0-130256 XVI — 16135952 XXVI — 898-2208 XXVII 
+ 882-0848 XXVIII + 0+7306593 XXIX — 345-5948 Xxx + 46-6940 XXXI 
+ 3776-5692 XXXII — 156+10743 XXXIII + 0-605606 XXXV 
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O= + 95:4940 — 1-501321 IX — I-sorg21 X — 8-73170 XI — 13-51583 XI + 87-11414 XIII 
+ 138-90918 XIV — 72-26388 XV + 13+51583 XVI — 1-501321 XVII—72-20388 XIX 
+ I-50132% XXII + 1-702948 XXX — 254-8355 XXXI — 156-10743 XXXII 
+ 5842+7053 XXXIII — 5542-1468 XXXIV + 456-35964 XXXV — 37-90963 XXXVI 
+ 5675-7803 XXXIX 

O = + 659200 — 7.973313 IX — 727393139 X — 7-293313 XI — 86-69148 XIII — 162-11141 XIV 
+ 105-76399 XV-+ 28-09771 XVI—176-0937 XVII—28-09771 XVIII + 86-69148 XIX 
— 28-09771 XXI + 7-273313 XXIL + 8.250119 XXX — 2-445288 XXXI 
— 5542-1468 XXXII + 17016-2169 XXXIV — 681-7716 XXXV — 72-4869 XXXVI 

614.6684 XXXVII — 5806-9977 XXXIX 

9°162878 XI — 2-162878 XII + 15+256041 XIII + 14:42759 XIV — 6+330711 XV 

1:414048 XVI—0-928322 XVII + 0:928322 XVIII—14-42759 XIX + 0-928322 XXI 

o-815189 XXXI + 0-605606 XXXII + 456+35964 XXXIII — 681-7716 XXXIV 

387-9721 XXXV + 1145-61618 XXXVI + 20-30806 XXXVII + 487-3713 XXXIX 

1+367527 XII—1+367527 XIV-+11-10336 XV-+0-7106316 XVI + 0-7106316 XVII 

14+895802 XVIII + 6-987618 XIX +.0-252866 XX—0-7106316 XXI+0-252866 XXIII 

37°90963 XXXIII — 72-4869 XXXIV + 145-61618 XXXV + 704:50542 XXXVI 

2704095 XXXVII + 4:299679 XXXVIII — 304:41928 XXXIX 

11-99248 XV—11-99248 XVI—11-99248 XVII + 39-98600 XVIII +12°134218 XIX 
— 359°1395 XX -— 186-99082 XXI — 12-134218 XXIIT + 199°3330 XXIV 
— 614:6684 XXXIV + 20-30806 XXXV + 270-4095 XXXVI + 11548-2165 XXXVII 
— 7614-0860 XXXVIII + 621-8131 XXXIX 

O= + 343010 — 3-086189 XVIII—3:086189 KIX + 244°47193 XX+93-71343 XKI+2-638131 XXII 
+- 7°30032 XXIII + 3°68287 XXIV + 4:299679 XXXVI — 7614-0860 XXXVII 
+ 7526-2424 XXXVIII — 40-21064 XXXIX 

O = + 312-4610 — 12-74092 IX — 12-74092 X — 12+74092 XI + 88-05902 XIII + 143-46472 XIV 
— 8805902 XV—12+-74092 XVII + 9+300894 XVIII—84-631083 XIX—9+300894 XX 
— 25:35823 XXIT + 3289555 XXIII + 35:32418 XXIV + 14:45202 XXX 
— 4:283497 XXXI + 5675-7803 XXXIIT — 5806-9977 XXXIV + 487-3713 XXXV 
— 304°41928 XXXVI + 621-8131 XXXVII — 40+21064 XXXVIII + 16332-9962 XXXIX 


O= + 12-4160 


O= + 27°4360 
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From these 39 equations, which correspond to equations (6) page 263, the values of 
the 39 unknown quantities I, 11, m1... .xxx1x have to be extricated. Their logarithmic 
values are found to be as follows* 


Log I = 9-9196637 + Log virl = 0-2081743 + Log xv = 0:0979064 — 
II = o-1II7152 + IX = 8-8848523 — XVI = 0:3118859 + 

MI = 9-8197849 + XK = 9:6905475 + XVII = 9*7202759 + 

IV = 0:0899605 + XI = 9-9213808 + XVIII = 9-6104961 + 

V = 8-5525879 + XII = 95092750 + XIX = 9:4443796 + 

VI = 95502414 — XIII = 9-8820947 ~ XX = 0:1043927 + 
VII = 9-8652624 — XIV = 9-8668881 + XXI = 9-4412122 — 


er a ee ee 


x : : 
_ The sign placed after the logarithm indicates the sign of the corresponding natural number ; thus, Vit 1S ® 
positive quantity, 1x a negative quantity, 


Qq 


-” 
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(12) 


Log xx1I = 
XXIII = 
XXIV 


SAV = 


XVI = 


(1) = 
(2) = 
(3) = 
(4) = 
(5) = 
(6) = 
(7) = 
(8) = 
(9) 
(10) 
(11) 


ru on i ul 


Pte e te] tetst il 


(13) = 
(14) = 
(15) = 
(16) 
(17) 
(18) = 
(19) = 
(20) = 
(21) = 
(22) 
(23) 
(24) 
(25) 


Al 


9°2646586 + 
9°7925531 — 
9*9164167 + © 
8.8178796 — 
8-8435415 — 
XXVII = 8-3985923 — 


Pe ae 


Fetter test | 


0:0421 
0+4376 
0-055 
0-3869 
0:2616 
1*9580 
0-2803 
0-1759 
0+0470 
00587 
O-0125 
06496 
0°2683 
O-5171 
O-0125 
O-4012 
0°4166 
0:1746 
0+2004. 
0-5953 
0°1355 
0+0350 
0°5424 
0+2400 
0°5423 


SAIN = 
XXX = 


(26) = 
(27) = 
(28) — 
(29) = 
(3°) = 
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Log XXVIII = 89635387 ase 
8-9041661 ++ 
9°2605455 + 
REXI = 9°5932397 — 
XXXII = 7*9263407 a 
XXXIII = 88042253 we 


Their values are:— 


0-2585 
0+ 5054 


— 01600 


1+] rtttsds{ t+ 4+ i 


+L eee t 


4°5°79 
0-0135 
T-O513 
0°4539 
2°9824 
6+1707 
+1429 
0-9528 
00871 
0:94.24 
0-6104. 
05706 
0-0825 
90-3748 
06845 


Log XXXIV 


XXXVI 
XXXVII 
XXXVIII 


SEAV 


(51) = 
(52) = 
(53) = 
(54) = 
(55) = 
(56) = 


= 8-1902448 — 


8-7135943 + 


= 8-5559922 — 


8-6481505 — 


= 8-9397225 — 
XEXIX = 7-9797450 — 


By the substitution of these quantities in the equations C. we obtain finally the required 
corrections (1), (2), (3)... 


+ 0-8335 
— 3:0660 
— 01755 
+ 0°7348 
0-2962 
O*2120 
06775 
O-lII2 
0-66g0 
0:8289 
C3 43° 
3°1312 
2.°0329 
00045 
0°9675 
0+3776 
1+1048 
0°3445 
0+2250 
ec EW 0 
— 0:9642 
+ 0:0973 
“++ 34139 
— 1:7017 


baie 


a ae ee | 


$+etl ttt 


The application of these corrections to the observed bearings will give those which 
must be considered the most probable bearings, and with these the triangulation may be 
worked out in the usual manner. 


The process is precisely the same for each of the figures. The geometrical and corre- 


sponding algebraical equations of condition are given in the following pages. 








GEOMETRICAL 
HQUATIONS OF CONDITION. 


FIGURE 2. 
Angle Equations. | 
rr o = O’+ N’+ B— 180° — «, vi. o= C+ D+ EH — 180° —¢, 
I. om O’+ N’+ A — 180° — «, Vil o=~ C++ H — 18° ~—~ 
‘HL o= 0’+ A+ B— 180° —«, IX o= (0+ H+ JI — 180° —«, 
IV. o= O'+ B+ C — 180° — «, xX o=OU+0O4TI — 180° — «, 
Vv. o= O0'+ A+ C — 180° — «, XI: o= O'+ 7 +K — 180° — «, 
vi. o=C+B+4+ D — 180° — «, xn o= 0'+ K+ PF — 180° — «,, 
Side Equations. 
wm, O¥.. 04 OB OB O' O'A 
' 04 OB ON =! XIV. O00 O'A OB? 
CO’ CB CD CE CH CL _ 
Xv. CB CD OF CH CI co’ 
ON’ OB OC OF OK OF Om | 
Yl OB OC OT OK OF OF@ OW 
FIGURE 3. 
Angle Equations. 
LL o= H+ F+ C’— 180° —., vi. o= G+ + K — 180° —¢, 
II. o= &+ + D’'— 180° — =, vir o=K+ H+ G— 180° —¢, 
In o=K+ H+ F— 180° —.«, x o= D’+H+ G+ C'— 360° — «, 
VY op K+ H+ (— 180° — «, x o=K+/I + H — 180° —«,, 
VY. o= G+ 0’+ F — 180° — «, x. o=H’+ KK + L — 180° —¢,, 
VL om G+ + H— 180° — «, x o=L+kK+ I — 180° —«,, 
Side Equations. 
“ CF CD OF =! XVI. OD OF OG OM =! 
av, EE. EW EK en eee ee 
"FO BK FF! ' MC MG MF = * 
wy, CK OG OF MF MO’ MK 
' OG OF OK =! SIX MO MK MF = * 
| GE Go qRF =! | SX. 0’ MK ME = * 


XXII. 


AXIIT. 


XXXVI. 


AXXVIT. 


PRINCIPAL TRIANGULATION. 


MH MQ = MC’. MD’ 


MG Mc’ MD’ MH ~ * XXVI. 

MK MH MG MF 

MH MG MF MK? ae 

IG IK IH 

Tk IH Ig =! XXVIII. 

KI KL Ke KG KH 

KL KE KG KH KI ~?* cas 

AB’ AQ | AD 

AG AD! Agee 4 sae 

FIGURE 4., 
Angle Equations. 

o= H’+ L'+ D — 180° — g, XV. 
o= K’+ L’'+ D — 180° — «, XVL 
o = N’+ K’+ D — 180° — «, XVII. 
om A+ L’+ D— 180° —¢, XVIII. 
o=A + N’+ D — 180° — «, XIX. 
o=A + N’+ B’— 180° — «, XX.. 
o= N+ A+ C0 — 180° —«, XXI 
o = N+ B+ C — 180° — «, XXII 
o= B’+ V + N’— 180° — «, XXIII 
o=A+D+ EF — 180° —«,, XXIV 
o=A+C + F — 180° — «,, XXV 
o=A+D+ F — 180° —«,, XXVI. 
o=A+ FH + F — 180° — &, XXVIL 
o=C+A+ M— 180° — «, XXVIII. 


XxIX, o= U+ 7+ R — 180° 
Side Equations. 


So ae. Se XXXII. 


XXXII. 


Al’ AK AC 


a 


=R+ C0 + IM— 180° — 


0 O0O0O0O00 OC O0O0000 0 


m 
ha 
wo 


LA TEN ED es 
VN LD LA 


* —ey s eee oy 


N'A NB NO’ N@ NK ND 


‘VB NO’ NG@ NR ND 


N’B’ ; NA NO = XXXVIII 
VA e VN" * VC oma XXNKIX 
VN Vo Va * 

VV VC VB 

——— * = XL. 


‘Wa? 


———ee |lC® a © res — 


=—- A+ D+ AT — 180° — 
- A+ E+ M— 180° — 
=A+ FF + M— 180° — 
=P+iMM+ F — 180° — 


=h+C + F— 180° — 
= R + 1+ P — 180° ~ 
=Q0+P + F— 180° — 
=Q0+R+ F— 180° — 


I 
eS 
+ 
ou 
+ 
ae 
| 
00 
©, 
| 


. 
a 2 — a ee 
PE -orePRRE ernP o  RRS  E RET AEE R SE RAPEE En e SOE Se RE EA Te FA 





Se ctedde cel bet Emagen et ae EE priests aris IN eaaE 








ALI. 


XLII. 


ALIII, 


XLIYV. 


XLV, 


XLVI, 


XLVIT. 


LVI. 


LVII, 


Oo0o0o0o0ao0o0a0aga000c0 0000080 0 


GEOMETRICAL EQUATIONS OF CONDITION. 


AP AW, 
AN’ AD 


oS ee Cl 


=K+F+Q — 180° 
=iK+F + E — 180° 
=K+F + D — 180° 
=V+D + K — 180° 
= V+H+ K — 180° 
= V+ FF + K — 180° 
=B+V + K — 180° 
= B+H + K — 180° 
=J+ V+ B— 180° 
=J+V4+ F — 180° 
=JJ + V + EK — 180° 
=W+V+ EF — 180° 
= W-+B+ V— 180° 
W+ V+ K — 180° 
W+V + J — 180° 
=X + W+ V— 180° 
=X‘ + W+ B— 180° 
=X + W+ J — 180° 


teil 


ee 8 eee e a—a_ © 


FIGURE 5. 


ALVITI. 


ALIX. 


LI. 


LIT. 


LIII. 


LIV. 


LVitl, 


LIX. 


Angle Equations. 


AIX. 


AXI. 


XAII. 


XXIII, 
XATIV. 


ARV. 


XXAVI. 
XXVII. 
XAVITI. 


XXIX. 
XXX. 


XXXI, 
ASAI. 
XXXITTI. 
AXXTYV. 
XIAYV, 


AXXVI, 


IM | IP IP _ 
IF IP 


=Z+X+d — 
—-X+J7U+Y — 
=X+7Z7+Y-— 
K+Q+H- 
- Q0+F+H- 
=~H+kK+L—- 
N+iLh4+4J7S-—- 
=G+Q+H- 
=G+Q+k- 
=G+iiL+H—- 
=G+iL+N—- 
=O+4+N+/S— 
=O4N4 5 — 
=-O04N+H — 
=-O+N4+4—- 


02000000 00000000000 
} 


180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
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; Side Equations. 
sxxvn 22 ae i ee -h 
’ FRE FFD FE JB JX dV : 
FE FK FQ FR FM SX JW JZ 
XXVIII. We FQ. FR Far | ama LI. Ti Jz ‘T= 
XXXIX. = ee eee LILI. JY JX Jz _. ) 
’ IQ IF Ik JX JZ JV 
x, ED EV EF _ uv, ZF. HE HQ _, | 
EV EF ED” ' HE HQ HF 
mu, FY FR ED _ wy BD HL RP 
FE FD FV ' KEL KH KF KJ 
co, BE BK BY, ey, EE. LE EN LH, 
BE BV BE ' LJ IN LH LK | 
XLITIL dS ae Gee LVII. PO Ee eae 
VD VB VE HK HL HN HQ 
XLIV. Be yee poe LVITI. aise 
BE BK BF LH IN L@ 
KV KF KJ KG KH KL 
XLV. kr Fs Rv’ LIX. Rit RL Kan? 
BE BV BI HQ HK HG 
XLY?. BY BI BE * LX. HE HG Ho" 
VB VE VW | LK LJ LG 
XLVII. Vr Vw ve? LXI. Ll LG Le? 
XLVIII. Ee cee Aaa LXII. GL GH GO _, 
VE VW VJ GH GO GL 
WB WV Wd GN GH G0 
XLIX. Wr ws we * LXITI. GH GO “Gy =! 
, UN 22 PX uy uw, 22.40 ML, 
'" JB JX JW . NO NL NI | 
FIGURE 6. 
: Angle Equations. 
tr o=A+B+ C0 — 180° —«, Vv. o= 0+D+ F — 180° — g, 
vw. om B+ E+ CO — 180° —«, vi. o= O+ E+ H— 180° — ¢, 
u. o=C+B+D— 180° —«, vu. o= F +H + H— 380° — «, 
Iv. o= C+L+D— 180° —«, IX. o=i+D+H— 180° —., 
y o= C+ H+ Ff — 180° — « X% o= G+H+ F — 180° —«, 


XL o=@G@+H+D— 180° —«¢,, 





XII. 


XIII. 


XIV. 


AXIV, 


AXY. 


XXXVI. 


XXVIII. 


XXVIII. 


XXIX, 


XXX, 


AXXI. 


XXXIT, 


o=~K+C+4 F— 
o=~K+H+F— 
o= Kf +D+4¢0-— 
o=e=~K+H+0- 


a 


ae 


GEOMETRICAL EQUATIONS OF CONDITION. 


180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 
180° 


SAMI. 


r , 6 eee 


OC eee . 


180° 
180° 


Side Equations. 


XV. 


AVI. 


KVIT. 


FIGURE 7. 


Angle Equations. 


e; 


&3 


es 


af 


XXI. 
AXIT. 


ery 


Side Equations. 


XII. 
XIII. 
E, XIV. 


09000000000 


o=P+B+ A — 180° 
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EH EC EF _ | 

EC EF FH 

EH ED EF _, 

ED EF EH” 

HD HG HF _, 

HG HF HAD 
=I+H+ K — 180° —4,, 
= [+ K+ H— 180° — «,, 
=I+H+ G— 180° — «, 
=I+H+ C0 — 180° —«,, 
=I +H+D — 180° — 4, 
=K+I+L ~— 180° —s«, 
=K+ih+ P— 180° — é 
=P+K+ C+ G— 360° —«,, 
- LZ+ P + M — 180° — «,, 
= + P+ M — 180° — «,, 
= P4+A+M — 180° —«,, 
— £5, 

EG | EI | Ex _ 

El EH EG * 
EC Hl, EH, 

El EH k£C 

KD KI, KE _ 
KI KE KD 

LK LI, LH _ 

LI LH IK” 

Ka | RP KL. RE _ 
RP KEL RI R@~ * 
CG OP OK _ | 
COP CK CGE ~— 

PK PM PL 
Pu PL PR~* 
OK OP OM _ | 
OP OM OK” 

OP _ 0B _OA _, 
OB OA OP” 
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ALIT OP | OA OM _, | XLIV. MN | MP MA _ 
‘ 0A OM OP ’ MP MA wy? 
Se ee xy, BN | BA BP _ 
WP NM WK ' BA BP BN ~* 
FIGURE 8. 
Angle Equations. 
L o= + HE + A’ — 180° —«, xY. o= P+ M+ N — 180° — «,, 
II. o= F+ hb’ + H — 180° —«, XVI. o=Q+WN + M — 180° —.z,, | ‘ 
Ur o= E’+ iH + 0! — 180° —., xvi, o= Q +N + P — 180° — «,, ) 
IV. o= K+ H + FE — 180° —«, KV. o=@Q@+wN + 0 — 180° —«, 
VV o= K+ H + M— 180° —«, XIX. o= S +N + Q— 180° —¢,, 
VI o=M+ H + 0’ — 180° —« xx. o= S + M+ Q— 180° — «,, 
vi o=e=K+M+ LD — 180° —s, Xx. o=R+Q0+8S — 180° — «,, 
Vil o=M+H+2Z — 180° —<¢; XX. o=R+Q +N — 180° — g, 
Ix, o=mC’+ 0 + H — 180° —«, XX. o=R+Q + M — 180° — «,, 
x o=O+kK + H — 180° —.»,, XXIV. o= 7 +Q+ WN — 180° — «,, 
xX. o=K+0O0 + P — 180° —«, XXV, o= 7+ Q0+ R— 180° —«, : 
XII, o=K+M+ P — 180° —«,, XXVI. o=7+Q + S — 180° — «,, 
xr o= K+0 + N — 180° —«,, XXVIL o= U+S8S + T — 180° — «,, 
xiv. om K+P+ N — 180° —«, XxvVIL o=U4+8S + R — 180° —«,, 
Side Equations. 
i ee I xxxvi, 2.20 HC HE . 
AXIS E’ A’ OC E'H EF ~ ° HO HC’ HE’ HK * 
ox, oF ee, eats, EM HR KO KH, 
" ANG AH! AF '" KP KO KH KM” | 
xxx, HH HY AG _s, KP |KO | KW _, | 
' He HG r= Xu KO KN KP ~ | 
ex, EH EG KE | KM KP | KN _, | 
me BG KE KH ~* XUL Pp KN Kit ~ | 
xu, HE HE HE _ QM QN | QP _ : 
XXX HF WK He? xu ON QF OM” ° | 
f 
FK FH FM QP QV . QO 
XXX. FH Fi FR =? mu “ON G0. OR 
XV Hh’ HK HM HO _ MS MN | MQ — t 
THEY HE HM HO HE =* XN UN QMS ~* : 
cep, KE EH KM _ ay, BN RQ. RS 
XXAVE KH KM KL ~ ‘ RO RS Ry =! 
Fe FL FH RMU R 
XXXVI. =r ¢sp ‘m=! XLVI. —-°- Q RN bag 
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wn, FE. BQ RM as ON QT _ 
: RQ RM Rp I XLIX, ON OT OS =r 
QR QV | ar RU RS . RT 
XLVI. O77 OT ° oR =? lL Pe’ Rr Ro =! 
FIGURE 9. 
Angle Equations. 

IL o= W+P + Q— 180° —«, XVI o= D + C’+ B’— 180° — a4 
In o= W+0 +4 Q — 180° — «, XVI. o= D + W+ '0’— 180° — «,, 
Il. os W+O0O-+ O’— 180° — «, XVII o=wD + W+ X— 180° — 4,3 
Ivy. o= W+ A’+ D’— 180° — «, xix, o= D+ W+ Q — 180° — @,, 
Vv. o= W+ 0’ + D’— 180° — «, xx, o= D+ W+ P— 180° — «,, 
VL o= V+ Q+ P — 180° — xx. o= D+ W+ O — 180° — «,, 
vi. o= Vt+Q+h — 180° —e, Kx. o=C+4X+ V— 180° —«, 
vr. o= V+Q+4+ T — 180° —~ & xx, o= GO + X + D— 180° — «,, 
IX o=A+Q + V— 180° —«, XxIV. o=B+X+ D-— 180° — «, 
xX o=X +P + V— 180° —e, xxv. o= B+ C0 + D — 180° — £4, 
x. o= + 0 + Q— 180° — «,, XxvVI o=A+D+B — 180° — & 
kr o= X + W+ Q— 180° — «,, XXVIL o =A+ D 4- D’ — 180° — «,, 
Xl o=X + W-+ C’— 180° — «,, XXVIII. o= B+ Y + A — 180° — 4, 
XIV. o= X + W+ D’— 180° — «,, XxIX. o=D+B+YV + B' — 360° —4,, 
XV. o= D+ W + D’— 180° — « xxx. o=Z+ D+ D’— 180° — ¢, 


1§ 
XXkL o=Z4+D+4+2B+4+ Y— 360° —«, 


Side Equations. 
XXXL. Op : QW 007 
OC OW 0Q ON OK , OH 
XXXL O77 "00 "On OK OH OC = 
DC DA DW 
XXXIV. Ha Hy’ Do = ! 
'0 CH Cr CA’ CD CW 


i. eee i es 
RV RP RQ QO Qx QW 
mun. 55 oe op = 3 mn iy ge are? 
mom. Es Gp ap = xa Wy ee pps 
a ae oe ee 
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WE ,WQ WD _ 
XLTIY. Wa WD Wx I 
WX WE WE 
XW. WP WD Wx ° 


XW WO WD Wx = * 


XLYVII. CO OCD OX a) | 


SLYITI 


Le 


‘XO XD xp? 





eee ED! OB OD 
MLIX OB CD Cp’ '* 
XO XV NP XD 
L. ; e 





BX BD BC 





A. BD BO Bx = 1 
DA DB DX DD’ 
LIII. DB DX DD’ DA = I 
ee are Lae 
BD’ BA BD 
w, 22 .YA YD _ 
'" YA YD yap! 
DY DB DX DW 


WL DB DX’ DW DY =? 


Wl. “yp yp v= * 


° - cd ew 


LVIII. VR’ YD YpD'~ I 


us VO VP vx =? LIX. DZ DD DY} 
BD BD Bz 
UX. BD’ BZ BD? 
FIGURE Io. 
Angle Equations. 
LT o= Ff 4 0+ E’— 180° — «, WV. o= H+ F+ H’— 180° —«, 
i otk + A’+ L’— 180° — «, VY. o= H + B+ E’— 180° — «, 
I o= F + B+ E’— 180° — «, VL o= B+ F+ G — 180° — & 
vi. o= Ht Ff +G— 180° —-«, 
Side Equations. 
BE! BF BA BD FC FE 
VI. BF BA’ BE = 3 * FC’ FE’ Fp’ = * 
1X. BF BO BE =! XR EH EF? 
2G FH FE. FB 
Ais FH FE’ FB F@~ * 
FIGURE II. 
Angle Equations. 

IL o= 0’+ Q’+ H’— 180° — «, VI. o = G+ Q'+ V'— 180° — «, 
rr o = O'+ fh’ + H’— 180° — «, VII. o = V’+ G+ E’— 180° — «, 
I, o = O’+ G’+ Q’— 180° — «, VIL o = N’+ V+ EF’ — 180° — ¢, 
Iv o = O'+ G’+ R’— 180° — «, IX, oO = N’+ K’+ E’— 180° — «, 
v. o= H+ G+ Q’— 180° — «, Xx os K+ B+ Cr Be 360° 


— 19 
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XI o = J’ + K’+ B’— 180° — «,, xXxIV. o= B+ N’+ H’— 180° — 
XIL o= A+ V'+ T’~ 180° — «,, xxv. o= B+ H+ D'— 180° — 
XI, O = A+ V'+ R’— 180° — i, xxv. o = B+ N’+ L’— 180° — 
XIV. o= A + V'+ Q’~— 180° — i XxXvVIL o= OG + N’4 K’— 180° — 
XV, oO = A + G+ Q’— 180° — «,, XXVIII o = C + W’+ L’— 180° — 
XVI. o=A + G+ F’~— 180° — «,, XXIX. o = C + N’+ V’— 180° — 
XVI. o = A + G+ E’— 180° — «,, Xxx, o= C+ N’+ A — 180° — 
XVII o= A + P’+ X’— 180° — ays XXKL o = C + N’+ B— 180° — 
XIX, oO= A + V’+ N’— 180° — &,, XXXII. o = (4+ £’+ D’— 180° — 
XX, o= B+ A + FX — 180° — «,, XXXII o=CU4+ #’+ B— 180° — 
XX. o = B+ A+ G — 180° — «,, XXXIV. o= (1 + Eb’ + A’— 180° — 
XXU. o = B+ A+ Q’ — 180° — «,, XXXV o = C0 + 2B’ + C0’ — 180° — 
XXII. o = B+ d+ N’— 180° — «,, XXXVL o = C+ B+ K’— 180° — 
Side Equations. 
x2 O'R’ OH’ 0'Q’ = I] XXXIX, Q’0’ Q’G! Q’y’ Q’R’ = | 
Q’ HT’ O'E’ Q’0’ Q’V’ Q’R’ OG’ 
SVL. 25, Aa ee = ls. Aipr Ain Are = 
Q G Q O 0 H I XL Q R! Q'G’ Q’y’ I 
PY PS POW PE 
XL. tro ‘pra po por tl 
PS’ P'O PR P'® 
wun, CH OP OR OV OY _ 
° GQ’ F’ QE’ Gy’ G’Q’ G’ H 
FV FQ FE 
xu Pq FE y= 
. Vv’ Vy’ y’ W Vy’ 7 V’Q’ Vy’ G’ Vv’ E’ Vv’ NN’ is 
_— NK NM NY’ N’V! NE! _ 
"NW NY NW NE’ NK’ 
XLYI. ED’ EA’ ER’ EVN’ EV EG 1 
XIVIE Ora GR CE’ ~ XLVI GA OB Ok’ CE = 
cox, KE KW KW WE WA? WB 
1 iw RN RE KA KB RT >? 
- OK CB Or * QR QA QV 
7 RU RY BA en 2! AG AVS 
" RT RA RV I " AG AV’ AQ’ ~ 
~ GA GQ! GH’ | Gh" | Oe 
IY GQ’ GH GF @E @Aa~? 


Rr 2 


315 


316 PRINCIPAL TRIANGULATION. 








AN AV! AB _ _ AF AB AG! 
WwW. Sy ae ae =? im. 4g ie ar =! 
AF AG AL’ . GD’ GB Gk 
LVI. a ° AE “Tp =! LXIIL, en on aa 
WA VN’ VX! ; BD!’ BO’ BE’ 
LVIL. TN Wx va =? UX. 2G ° Be Bp =} 
OR OTF OA _ BG’ BE BN’ BA 
LVITI. OT Od OR? LXV. BE’ ' BN’ Ba RG — |] 
TA UT U’V’ ; BK’ BE’ BN’ 
; LIX, TP Uy Gat} LXVI. BE’ BN’ Be = * 
WA Wr wv : BV’ BA BN’ 
LX. Wr wy wate? ee BA | BN’ BY’ = J 
A@ AB AQ’ : NL!’ NB NE NM 
a oe ay ae XVI Bae ae WE =? 
cece, OE EG ee eg 
NOE NK NM’ N'L’ 
px, WE NE NY NV NC ss, 
Tes Nil’ Ny’ Ny’ N’C Nike 
LXXI NA NW NW _ LXXIV. BB HC BD _ 
ES EE IN IN aE L'C ED’ EB 
LXXII. See = 1 LXXV. rel ieee CI . 
. CNW CB CA ; L’D!’ HA’ EGC : 
LXXII OE BUR eee I LXXVI A I 
XL Gy Ck’ CB TO WAT CUO Gt 
cxxvn, CE. Odt OB OR! _ | 
wT" OA’ CB’ CK’ CH’ | 
FIGURE 12. 2 
Angle Equations. ! 
1 ot A+ E+ B— 180° —«, “xn o= F + H+ FE — 180° —¢,, ; 
wu o=A+ D+ B-— 180° —., xiv. o= K++ H — 180° —«,, 
in ot=A+ D+ H— 180° —«, xv. o= + K + N — 180° —«,, 
Iv. o= LF +A + HE — 180° —«, xv. os f+ H + N — 180° — 
v. o= Ff +k + EH — 180° — «, xv, o=F + G + H — 180° —4,, 
vi. o=F+ik +A — 180° — € xvi. o=G+ WN + H — 180° —e, 
vi. o=A+ D+ K — 180° — «, xix. o= O+ K+ M — 180° —«,, 
vi o= B+ D+ C — 180° — ¢ KX o=0O+ H+ M— 180° —<,, 
x o=D+C+K — 180° —& XXI. o=O+N + K — 180° —«,, 
x o= D+C+ L — 180° — «,, XX, oO= Q+N+ K + M— 360° —«,, 
xr o=D+K4+2L — 180° — &, XXIII. o=Q+M+K4 L — 360° —«,, 
xu. o= F+H + K — 180° — &, XXIV. o=NV+P+Q— 180° —«,, 
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Side Equations. 
XXV. AD AE AB | | . “XXIII FH FN FE _. 
' AE AB AD™! RAAT OPN FR FH 
sev, PEFR PA sexy WE ME , MN 
OS” Be RA RE SAAN MK MN HT 
xxyn, D2 DK DA _ sxxy, 2G HN HF _ 
'" DK DA DE? AV. FIN HF HGE~ 
DK DA DB DC MH MK MO 
SRV, = ee ee SXVI. SS ew ce 
“ DA DB DG DE =? Bnet Ge ior it 
DE Dk DA KN KH KO 
(XIX, = este -+ lS = SEKVE.. == 9 

Te Die DO Di Vie RH RO jen =? 

crs, FE PH FE xxxver, MQ. MOO ane a _ 
““ FH FE FK ~ "UN WK ML QO ~ 

exe, DE. DK DE _ NP NK NO _ 
‘ DK DE Di~ eeaTS: NC NO NP” 

; KM KH KE kD KE NP NQ NM NK 

XXXIL SOS a So SS =I <E, ee ee eee a 

KH KE KD KL KM NQ NM NK NP 
FIGURE 13. 
Angle Equations. 

L o= A’+ D’+ K — 180° —«, XI o = Jf + D’+ K — 180° —«,, 
1, o = A’+ D'+ F — 180° — «, XIV. o=O+ MN + L — 180° — «,, 
Il o= A’/+ #4 K — 180° —«, XV. o=O+4 I+ K — 180° — «,, 
VY. o= G++ K — 180° —«, EVES, DONS AE ote otal Oo 1808 Stig 
VY o=rG+kK+ D’— 180° —«, XVI. o=R+O0+ L — 180° — «,, 
VL o= G+ E’ + D’— 180° — 6 XVII. o=S+0+ DL — 180° — a4 
VII. o = £’4+ FF + D’— 180° — «, xIx, o= 8+ 0 + Al — 180° —«,, 

VII. o=>Z+ A’+ K — 180° — 3 xx, o= S+0O0+4 R-— 180° —«,, 

IX o= D’+ E’+ H — 180° —«, Xx. o=O+h+P— 180° —.e,, 
XK o=reA+h+44+K4+L—540° —«,, XXII o=O+S8 + P — 180° — «,, 
XI. o= JJ + H+ L — 180° — «,, Xx o=P+L+M— 180° —«,, 
XH, o = A + 2+ D’— 180° — «,, XXIV. o= P+ i/10+ R— 180° — «,, 

Xxv. o= B’ + A’ + K — 180° —¢,, 
Side Equations. 
xxv, LF AD AK xxx, 22.4 AR AD _, 
' AID!’ AK AR "AK AUF AID! AD 
AXVII PG mele FD! XXX KL KA KF kG@ _ 
FK FD’ FE =! ““ KA KF RG KL 
xxv, LF . FD’ GE GE’ GD’ GH 


E'D’ FG ER =} XXXII GD’ ‘GH Gm 77 
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GH Gh’ QF GK GL 

















XXXIL Gy * ap aE GE ‘ap=? 
Vo6GH GL 
xxx, 2 * Gr “em 7? suv, oe Ly 
HL HD’ AM 
XXXIV. Wb’ HM HL ° XLY. ee ae 
GL GK GM PL Pp 
XXXVe Gir Gif GE KIML Fo Go pe at 
xxxv, He. ME HO _, xivn, 2 . 26.2% _, . 
MK MO ME QP QR Qs 
Seyi. at Oe ng Sey, oe ie es 
MH MN M0 ME ' PQ PL PR 
AXXVITI, ae. az eee XUIX. sek pe ees 
OL OR OM PQ PM PR 
AXNIX ak a sae = 7 L. Bede sa eae 
VW WR WO AK AB AD! 
XL. = os OL = I LI. ee ee NE | 
OS OL OM A’B’ AUF A’D 
OR OS OM E'F HG E’B! 
XU. 55 "OW OR” LY. PG FR PR 
NS NO WN DE’ DC DH 
xt. wo WR We ~? DO DH” DE" 
RO RP RM FD’ FR FE 
xu. Rp Rr” RO =? ORB)” FR” RD =? 
FIGURE 14. 
Angle Equations. 
rose F+H+ K — 180° —s, Vil. o=CG+F+ D— 180° — «, 
iw om il + H+ & — 180° —«¢, vil. o= OC + H+ D.— 180° — 6 
uw. o=D+ikK+4 # — 180° —¢, IX o= B+ H+ D — 180° —«¢, 
IV. o=D+K + H— 180° —¢, x o=B4+D4+F — 180° —«,, 
vy. o= D+ + F — 18° —«¢, | x. o=B+ikK+ D— 180° —«, 
vw. o=C+F + EF — 180° —¢, xn o=BhHh+D+A — 180° — «, 
Xu, o=D+C+ A — 180° — «,, 
_ Side Equations. 
KF KE KH KF KD KH 
XIV. Fe” Ri mr 7" XV) KD RA EF 
ee KE | KD | Ki ar — KC | KD | KF | 


KD KF KE ‘KD KF kO7 
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vm, DE DO, DH _ cu, BEBE BH Ly 
' DC DH pr! XA BE BH BF ~ 
wi, DO DE. DF | ce, BE BF BO 
‘DE DF po =? AAU BF BC BE ~ 
DB DK DH” * ° BA BD BC 
AAI DF DB _DK _, XXV HA ED HC _. 
DB DK DF ~~ “"" ED EC EA 
EHIGURE 15. 
Angle Equations. 
I. os A’ + NW’ + HH’ — 180° —«, xVy o=D +N’ + B — 180° — «,, 
rn o = A’ + N’ + K’ — 180° —«, XVI. o=D+4+LI' +B — 180° — é: 
WI, o = A’ + W’ + L’ — 180° — «, xvIL o= D+ M' +B — 180° —«&, 
IVY. o= + H’ + N’ — 180° — f, xvur o= D +N + C7 — 180° — a 
Vo + H’ + L' — 180° — «, XIX. o= E+ B4+D — 180° — fy 
Vv. o= A + H’ + M’— 180° — «, xx o= H+ D+ C — 180° — 
vin o=B+N +A — 180° —«, XXL o = HE’ + A’ + N’ — 180° — «,, 
VIL o= B+MW +A — 180° —6, XX. o = EE’ + N’ + CO — 180° — «,, 
IX o=B +L’ + A — 180° —«, Xx o = £’ + N” + D — 180° — «,, 
xX o= B + H+ A — 180° —«,, XXIV. o= £/+ H + C — 180° — «,, 
XL o= C0 +N +B — 180° —«,, XxV. o= B+ Hh’ + E — 180° — 8% 
XT, o= C0 ++ B — 180° —«,, XXVL o= B+ H + D — 180° — £55 
XL o=C +L’ + B — 180° — «, XXVI. o = 0’ + B’ + EH — 180° — «,, 
XIV. o= 0 +A +B — 180° — &y XXVIIL o = D’+ @’ + E — 180° — 4 
Side Hquations. 
_ WK NA! NH AM! AL! AB 
XXIX Was NH! Nagee = I XAXXAVI. AL’ AB AM = I 
XXX WE! NA NE I XXXVII eee I 
" NA NL!’ NR “AL AB AN | 
XXXI gD, pee, ge a I XXXVIII LE cee I 
"NAS NH NG! "BA BO BM’ ~ 
LQ! FH FA’ BL’ BA BC 
7h a ee [KXIX, = ° Se Se 
FH FA Pe ~? ees Bt BG BEE 
HM HIN’ HA BN’ BM BC 
XXXII, = * XL, . - = 
HN WA war=? ) “ Bi BO BN 
WM HE’ HA NO ND NB 
RENT “ood ee te | : gy, Ue: ee 
HL WA Wye-* — . _ AM ND We we ~* 
xxxXv. AL’ AH’ AB BN’ BN’ BD 


° —————— e ———a — 


AH’ AB’ ay =? Xu Ri’ BD BN’ 
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BN’ BL’ BD _ 
XLII. BE’ BD BN 
FC FD FB 
XLIV. ‘Fp Fo ~' 
FB _FC EM 
XIV. FO) OFM’ FBO 
XLVI SO ee 
' FM’ FN FD ~~ 
XLVII. tog ot? = 1 
FE’ FB FOC 
XLVIII. fD FE | FB = I 
FE FB FD 
XLIX. EG | EE | ED = 7 
EE’ ED EC 
lL oH’ + ff + L — 180° 
W. oA’ + fH’ + LD — 180° 
wm o= U + A’+ LZ — 180° 
wv o= U+L+ G4 — 180° 
vy o= LZ +A’ + G — 180° 
vr ost L + 70+ K — 180° 
vi. o=~ L + 44+ K — 180° 
vil o= G + K +H — 180° 
IX o= H+I4+L4+Kk- 
xX os Ml +A + MM — 180° 
xl o= A’ +2 + M — 180° 
x. o= J +L+ HM — 180° 
xm. o= B +A + N — 180° 
xiv. o= A +/+ N — 180° 
xv. o= iM + W+ N — 180° 


XXXIT. 


ET’ F” 
H’L 


LP 
DA’ 


XXXI, 


HL  H'A’ 


eo es OO | 


H’'A’ EH'F’ 


XAXIV., 


ASN? 


i ee 


A thy! 








NA ND NO NE 
° NA ND’ N’D N’E’ r= 
in, BE BE BD _ 
Bi BD BE ~* 
"BA EN PD wR a! 
7 EB’ E’E E’C’ ae, 
| E'Y’ EB £D 
MV: «Seen age, oy = 1 
EBB ED HC’ 
' BC RE Fp —* 
FIGURE 16. 
Angle Equations. 
— ¢, xv. o=i+ I+ W— 180° —<¢, 
=? xvi. o= M+ I + R-. 180° — eis 
—«, xvi. o= M+ Hh + W— 180° —¢, 
—€, XIX. o= M+ I+ 8 — 180° —¢,, 
aE; XX. o= iM +8 + W— 180° — «,, 
— £ XXL o= M+ 7 + W-— 180° —<,, 
=<, XXII. o= iM +S + 7 — 180° —«,, 
— & XXL o= M+ 7 + R — 180° —«,, 
360° — &, XXIV. o= U+T + W— 180° —«,, 
=e xxy o= U+74+ Rh — 180° — «,, 
= XxvVI. o= M+ Q + W — 180° — «,, 
— 6.4 XXVIL o= P +N + W— 180° —«,, 
— ¢,, XXVIII. o= P +Q + W— 180° — z,, 
— ¢,, xXxIx. o= B+N+ 0 — 180° —g,, 
— xxx, o= M +N + 0 — 180° —«,, 
o=N+04+P — 180° —«,, 
Side Equations. 
XXXIIT LG’ . LH’ . LE a : 
LH LF Le ~* 
AE AQ APY AML Ave 
AQ AP AL An AN" 
Pri 5 aa 
ee LG LP’ LE 


iP Tie 3G 7" 











7 ner igre i 
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XXXVII. os GL GH ae 
GL GH GK 
LA’ LG LH LI LM LW 
' AM. WA HN HA WE 
xr, AW AM AN AB 
‘AM -AN AB An" 
wu, ME MW MN MA ME ME _ 
' MW MN: WA MH ML wr" 
TI MR MI e ACW T \d IX MQ e SIN MW 
XM. Wil |= «MW OR XMS IN MW No =* 
cum, US. ME, MW QN QW | QP _ 
"MT MW MS =? “ OW QP Qy ~* 
= US MR MW NM NO NB NA 
XLIV. Se ee LI. ce a 
MR MW MS NO NB NA NM 
MT MS MW NUM NW NP NO 
XLV. sot 8 omen See LII. ene i | 
MS MV MT NW NP NO NM 
ww, PE. RW | RM, om, 2 TW 2, 
RW RM ° RTE PT Py TA 
MT MW MU VT VR VM 
XGLVITC meee I ceeecnn I eed ee — i 
Wao! me = 1’ TR ya vr =" 
RU RT RW RM TR TU TV 
MLV: jee He, he, fg ee ie eee ee ee 
RE RW RM RO" ’ fo av R=? 
LVI VW Vs Val = I 
' VS VAL VV 
FIGURE 17. 
Angle Equations. 
KF o= B+ CC’ + YD’ — 180° — «, xX. o= G + Hf + H’ — 180° — «,, 
%m.o=>D++ B — 180° —¢, xIL o= @ + H’ + K’ — 180° — &, 
I. o=D+B+40 180° — ¢, xr. o= K + H’ + K’ — 180° — «,, 
IV. o=C+B + )’ 180° — ¢, XIV. o=HK+H +4 — 180° — &,, 
VY o= C+ D+ HH’ — 180° —«, xv. om kK +G + N’ — 180° — é¢ 
VE o= L’+ CO + D’ — 180° — «& XVL o= K+ Q’ + N’ — 180° — 46 
VI, o= L’+ 0 + HE — 180° —«, XVID o= K+ Q’ + P’ — 180° — 
VIIL os eee C + 2 180° — Eg XVIIL or Hf +. G+ iH! — 180° — £8 
IX O= G+ M+ NV’ — 180° — ¢, XIX. o= H+ @ + H’ — 180° — ‘19 
XY o= @ + M+ L’ + EH’ — 360° —c,, XX, o= H+ @ + K’ — 180° — %0 
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Side Equations. 
XXI BB BD’ | BU _. XXXIV. EM’ | EL’ | EE | 
XX BD’ BO’ CBB’ ' EL’ EE EM’ ~* 
oe OB De | xxxy, 2& . BE. EW | 
XII. DB’ D’B DB’ ‘ * BE’ EM’ EG =I 
wm, 2B AB AO ey, FO, FE Ba | 
ae AB AO! Ae "FE Fi FG ~* 
ae Poe Po OE ees yyy, LE ME OMG _ ML 
"BA BD’ BB BA Te" WE MG MN WN 
xy 20. 4B AD uy, PH. EG | EM | BL BH 
"ABO AD AC’~" (RG FM FL ED FD | 
xxv, BE. BDO, BO _ xexx, HE HG HE : 
"BD! BC BE “HG HE HK 
vxvi, BE. BD, BO BD’ _, x, GN. QE. OP _, | 
“"" BD BO BD’ B "OK QP Qn” 
nn Cee re xr A MG | NUE Na 
°" AB AD AC " N’G NE N'Q’ N’Q’ ; 
OE. OD’ CL’ _ GK GN GM’ GE GH’ | 
XXIX. GD’ CL’ O08’ XUN GN) 6G’) 6Ge Gy GK =? 
wy, Ge.. OB... OB. CD’ _, mun, CH. PH. SE _, 
XX* 0D CB CD’ Cli "GK GK GH” 
x, CD, OB., OL _, xuy, LL. BH’, FE 
os OB OL GD "PH FG FH’ | 
vex, AM, AG. AD, wy, HE WH HG, | 
Ta AO AD GAT ‘WH WE WK | 
xm, Fl. FE. FE, . xiv, ZF | HE | HH’ _, : 
MALES FL FE FW’ "HE HH HF” 
XLVII HG | HE | HH i 
‘HF HH Fg" 
FIGURE 18. 
Angle Equations. 
I. o=B+ #+ D’— 180° —«, vit oF AM4 ORO 180° — é, 
Ww. o= B+ D'+ I'— 180° — «, Ix, o= B+ H+ D’— 180° —«, 
m. o = B+ h’+ H’— 180° — «, x o= H+ D+ D’— 180° — «, 
v. oma + B+ I’— 180° —«, x. o= E+D+C— 180° —«,, 
vy. o= D+A’+ D’— 180° — «, xIr o= Ff + B+D — 180° — «,, 
vy. O= D+B+ D'— 180° — ¢& x. o=F+2B4+ E— 180° —e,, 
VII. o=D+A’+ 0 — 180° — «, XIV. o=A+ FF + B— 180° —« 


xv. o= D+ @4+ F— 180° —z,, 
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- | Side Equations. 
XVI. BH BG ED EB = ] XXIV Be Br A’ BO" 
L@ ED BBR RH " Ba BC BO * 
xvu, DH’ . BE BD’ soBr DE D'B DD 
: 7 Bre se tee BIN e Se ee eT 
BE’ BD’ Bro BH DB DD D'E 
xsvnr 22 PE FD CD' CD OF 
* Ty, ae ARV. woe ¢e sme oOo=S 
FT FD FRB CD CE CD’ 
XIX, A FB OFT | XXVII LB ED EF _, 
FB PY Fat" ' ED EF EB ~ 
xx, CD CA’ OD’ _ | xxvin, B4 BU BD’ BE BF _ 
© OA’ OD! OD | Br BD! BE BF BA 
XXI DIE’ DA’ DD DB _ XXIX GE GD GF _, 
' DA DD DB DE" ' GD GF GE 
XXII CD CA’ CC rut GB GD GF _, 
° C'A’ OO OD q NAN, GD GF GB — 
CA! OD op’ GA GB GF 
XXII. =~ + -m TE oct Ne. gee es 
CD OD Ca’ —} XXSL GB GF GA” 
FIGURE 19. 
| Angle Equations. | | 
IL o- +A’ + A — 180° —«, XI. o= (+ G+ EH’ — 180° —&,, 
I. 0 = D’+A’+ B— 180° — «, xn o=F+ G+’ — 180° — «, 
NI. o= 0+ B+ B+ A — 360° —«, xiv. o= F4+G+ H— 180° — &, 
IV. o= A+ B+ A’— 180° — «, xv. o=H+H + F — 180° — &¢ 
Vv. o= C+ D'+ H’— 180° —«, xv. o= J + H+ H — 180° — &6 
VL o= O+ F+ EH’ — 180° — ¢, xvi. o= L+4+D+A — 180° — &,, 
VIL o= F + E+ D’ — 180° —«, xvi, o= M+ I+ HF — 180° — &4 
Vil. o=CU+H+ F — 180° — « xix. o=M+H+D + L — 360°—4, 
IX. o=C+h + B+ D' — 360°—«, xx, o=K+H4+ JI — 180° —.,, 
xX o=r=D+A+ B — 180° —e¢,, xx. o=K+AM+ JI — 180° — «, 
XI. o=D+2B+ H — 180° —¢,, “xx. ok +M+ L — 180° — «,; 
XXL, o=K +L +A — 180° — «,, 
Side Equations. 
a xxv, DA’, DB DO _ De 
BA BA’ BA! ' DB DC DE D'F 
XXY, A’C’ A’A A BAO XXVIII VC EE ay _, 
' A’A A’B OA'D! ~~ A’D! ' BF ED FC 7 
xxv, BB BA’ BA _ sex, CE’ OD! OB OF _ 
BA’ BA BR > SAIN CD’ GB OF CE’ 


Ss2 
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sete Oe ee esd - BE’ FC FG 
' OF CB CE XI FG Fe FR? 
eee ED GED ts xxx, Fo ,FC FE FH 
XSXT EF EB ED’ “ FO FE FH FG = 
___ BD BE BD’ BA’ BA _soIF 2B If 
XAX'" BE BD! BA’ BA BD * XSXV. TE Te TR =! 


DAVIS Feet ee ee ee 


AAMVI. EH EF EB ED EM Er * 


xxxvin, 22 . KAD KE xxxrx, MEE MD ML MK 
“RM KE xkr7? wm ms | 


FIGURE 20. 
Angle Equations. 
I. o=A + F’+ B’— 180° —«, XII. o=D+C0+4+B— 180° —«, 
NW, o= A+ I”+ B— 180° ~¢, XIII. o=D+Hh+ B— 180° —.¢,, 
I. o = f+ G’ + B— 180° — «, xv. o= 1+ H+ F— 180° — 4, 
Iv. o = G+ H’+ B— 180° —«, xv. o= J +H +4 B— 180° —«,, 
Vv. o= EF + H’+ B— 180° —«, XV. o= Jil +H+4+D — 180° — a4 
vi. o= FE + H’+ G@— 180° — «, XV. o= K + A’+ F — 180° —«,, 
Vi. o= EF + H’+ B'— 180° —«, XV o=kK+4+]+ F — 180° — «,, 
vir. o = £ + H’+ H — 180° — ¢ XIX o= G@+D+ C0 — 180° —«,, 
IX o = # + H’+ B’— 180° — «, XX. o=G+D+4TI — 180° —«,, 
x, om Ff + H’+ A’— 180° — &, XXL o=H+TJI + D— 180° —z,, 
xI o=C+A + B— 180° — 4, XX. o=H+I+G-— 180° —«,, 


XX. o=H+I+4 K ~ 18° — 





Side Equations. 
XXIV A ee ae XXVIII ee 
FBR FA FE FD FE " AB! AUE A'H’ 
Gl’ GD’ GH GB Hr WE Hs 
XXYV. QD’ GH OB @rt! XNIX. WE WB Wr! 
HB HG HE H'A’ H'F HB 
XXVI. H@ WE Wp XXX, WF HR Wy! 
HW WC HB WE FC’ FH’ FB 
AVI. 2, ore =1 XXXI. -——— i ey 








HO PR HE We FH’ FB FO 
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x -4r ; We iets WS tee a ec or ees ee ee, — : 
“BF BG BE BD BC BA" 
ED EI ER EI EB EH EF 
XXAXITI, TS, sn es oer atin tual ee eee eee 
EI EB Ep™! ASXIV. GB EH EF Er * 


FI FE FH’ FA’ FK 





XXKVY. ==> ° = oe Le 
“ FE Py Fa’ Pe Fro? 
KE KF KI IG IH ID 
XXXVI ws Se xxx ae ee ocr 
KF RI Kem" MAME TH ID IG =? 
XAXVIT DCU DB DI DG _, XXXIX ID Ji IF IK JH | 
‘ DB DI DG DO ' TE IF TK TH ID * 
FIGURE 21. 
Angle Equations. 
I. o= G’ + B+ F’ — 180° — «, XVI. o=P+Q + S — 180° — ¢,, 
1 o= f + L’+ G@ + B— 360° —«, XVI. o=P+Q +B’ — 180° —«,, 
I o=A+ WY 4+ Bo — 180° — é, XVII. o=O+S +’ — 180° — «,, 
VY. oma + B+ E — 180° —«, xIX o=O+S8S +Q — 180° —«,, 
VY o= D+ EH’ + G + B— 360° —«, xx, o=O+S +P — 180° —e,, 
VL o=D+A+B — 180° — « Xx. o = M+ L’ + K’ — 180° — ¢,, 
Vin o= COC +A4+D — 180° —«, XxX. o= M+0O4K’ — 180° —«,, 
Vil om O+A+E — 180° — 6, XXII. o = NV + L'+ K’ — 180° — «,, 
IX o= B’+ (+ F — 180° —¢, XxIv, o = NV + M+ K’ — 180° — «,, 
X o= OC +H+ F — 180° —-,, xxv. o= i + If + L’ — 180° — «,, 
x. o= EF 4F + 0 + E'—360°—«,, xxv. o= Kk + i+ N — 180° — é4¢ 
XI. o= A’+Q + B’ — 180° — «,, xxv. o= K+ M+ 0 — 180° —«,, 
XI o= S + H’ + K’' — 180° — «, XxXVIIL o= K+04 P4B’+F—540°—<,, 
XIV. o = § + H’ + D’ — 180° — «,, xxx. o= KH+L 4M — 180° —«,, 
XV. o= S+ Di +A’ +Q— 360° — «,, xxx o= K+ L+4+WN — 180° — «,, 
XXxL o= M’ + LD’ +N + L — 360° — «;, 
Side Equations. 
OIE’ WB GE G’ i’ — BD BA | BG’ | 
XXXII. ap an Ga Ge XXXVI BA BG’ BD 1 
ue WA GB GF’ eee, A AG AD AB _ 
AXXIIT. OB ’ OF OA == 7 XXXVI, Ac AD AB AE = I 
GB QA @E Cl’ CG CH 
SMI, So XXVIIL 2+ oe 
V, CA CE GOB I XXXVITI org” OR OB’ 
xxxy, @D GE GE GB _ wn, EY EEG _ EG 
: QE’ QE G/B G/D =I iss EE E'G E'C! —= E'C’ 
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, EE BG EA EC MG _, _ HD’ H'S _ HD’ 
XL. Eq@ EA EC EG ER ~ XLV. pg PR WI 
GE GC GF D'A’ D'Q D'S D‘A’ 
hms pees i I ‘ e a See eee —_eOo 
Xt GC GF «GE WL Do Dg DH DH 
_ GE GF GO GE © SW’ Sk’ SH’ 
XU GF G0’ GE’ GE" | XLVI. oe” | SH’ en’ =! 
GB’ GF |G _ RD’ RA’ RQ | RS 
XLII ag Go” GB’ ~ I XLVI. 57, RO RS Rp’ =? 3 
uv, 2B. AQ AB wax, PAY RD’ RQ _ 
XLIY. A’Q A’D’ A‘D’ * RD’ : RQ . RA’ I | : 
RH’ RS | RD" _ 
RS RD’ RH? ' 


QA’ QB QP QS = QD’ : 

QB QP QS QD’ Qa’ 

wy BC BE BH BP BQ _ BO 
BF BH BP BQ Ba’ ~ Bra’ 
SO SK’ SH’ SD’ sQ 


hd ——— ———_ Ff —— = eee =e 
oa I 


us 8K’ SH’ SD’ SQ | SO 


uv, Sy w, PH. PO, PQ PB _, 
SO SQ SP ' PO PQ PB PH 
wr LH. ES KO KM _ RE 
RS KO RM KL RT 
LVII ee ess LVIII MN | ME | ML’ _ 
‘ UIN MK Mi ~ ’ MK ML in ~* 


1 om OK OS OP OH OK™* 


iM. 9G GP HB’ HF eS 
og ee ee _ PK DM WL _ lk 
UX. NE NM NK IU Fay PE Dae De 





RESULTING 


ALGEBRAICAL 


EQUATIONS OF CONDITION. 


FIGURE 2, 


Notation. 

r) OC 2) O' "1K : 
BD) Be 3 pa (8 So (SQ oaw 6) ae 3B 46 
3 AN' ee AB 2 CE brs CH (19) CI a CO’ . CA 

22) CB (23) CD (24) DE (25) DC (26) DB (27) EH (28) EC 
9 ED HE (31) AI ees HC (33) IH ah IK (35) JO’ 
36) IC (37) KI (38) KF (39) KO (40) F'K 
Equations. 
IL O= + 00060 + (4) — (6) — (11) + (12) 
Me O= + §-8930 + (5) — (7) — G4) + (5) 
I oO= + 47-7866 —(4)+(5) — (10) + (11) — (14) + (26) 
PVs: (0 °RS es SOspOtr (1) == 4) C9) i) Ge) + a) = 
Ve O= — 0.8381 + (1) — (5) — (13) + (24) — (20) + (1) 
Woo = + 97-1555 — (8) + (9) — (22) + (23) — (25) + (26) 
VIL Oo = — 2-5064 + (17) — (23) — (24) + (25) — (28) + (29) 
VUL o = — 1-6834 — (17) + (18) — (27) + (28) + (30) — (2) 
IX O = — 3.7607 — (18) + (19) — (31) + (32) + (33) — (36) 
X o= + 1-8104 — (1) + (2) — (19) + (20) — (35) + (39) 
XL Oo = + 28791 — (2) + (3) — G4) + G5) + (37) — G9) 
XM, Oo = + 1-6281 — (3) — (38) + (G9) + (4°) 
MII, 0 = + 423-696 — 44833 (6) + 19-4147 (7) — 32-3375 (10) + 47-8757 (11) — 15- 5382 (12) 
— 25-9066 (14) + 10-5081 (15) + 15-3985 (16) 
XIV. © = + 245-639 + 7-9611 (9) — 323375 (10) + 24-3764 (11) + 9:6672 (13) — 25-0657 (14) 
+ 15-3985 (16) + 18-2567 (20) — 31-0101 (21) + 12-7534 (22) 
XV. 0 = — 187-742 — 24-8522 (1) + 8.3520 (2) + 16-5002 (4) + 36-9493 (8) — 44-9104 (9) 
+ 97-9611 (11) + 17-1010 (24) — 20-2208 (25) + 3-1198 (26) + 12-7692 (27) 
~ 56-0291 (28) + 43-2599 (29) + 16-2913 (30) — 4-6934 (31) — 11-5979 (32) 
“+ 14-9415 (33) + 5:9998 (35) — 20-9413 (3): 
XVI. © = — 114-888 + 4-4833 (6) + 7-9611 (9) — 23-4993 (11) + 15-5382 (12) + 27-3973 (19) 


— 40-1507 (20) + 12-7534 (22) + 19-7460 (34) — 25-7458 (35) + 59998 (3) 


“+ 3+3104.(37) + 5-4228 (38) — 8-7332 (39) + 24-8605 (40) 


328 PRINCIPAL TRIANGULATION. 


The logarithmic values of the multipliers are as follow : 


Log I = 9-9870812 — Log VI = 9-9866076 — Log XI = 9-2510890 — 
II = 9-1924604 + VII = 9:4361077 + XIII = 8-4851144 — 
Ill = 7-6641943 — VIII = 9-5294442 + XIV = 8-0311923 — 
Iv = 9-8382516 — IX = 9-0333518 + XV = 7-8577019 + 
V = 9°5983072 — X = 9:4680706 — . XVI = 7-8316477 + 


XI = 9+5412088 — 





| 

FIGURE 3. 

Notation. 

7 

1) BA 2) DH (3) D'W (4) D'F (5) DA (6) CG (7) CK t 

ts? Cr 33 CM (20) CA (it) EA (22) EF (13) EM (14) EG : 

(Gas\ BK (16) EL (17) FE ee LE 19) FC (20) FA (21) FF ; 

(22) FM (23) FG (24) GH (25) GI (26) GK os GE’ (28) GF : 
29) GC eS GA (31) GM (32) HT (33) HK 34) HG@ (35) HA 
+9? HM 37) HD' (38) AL (39) KE' (40) KF (41) KC 2) KA 
43) KM 4) KG es KIT (46) KT (47) LE’ (48) LK (49) LI 

50) IL (st) LK (52) LH 


Equations. 


— or13gir —(8) + (12) — (18) + (19) 

+ 63997 —(4)+(8)—(19) + (1) 

— 1-1280 — (12) + (15) — (17) + (18) — (39) + (40) 

— 46627 —(7) + (15) — (39) + G41) 

+ 42596 —(6) + (14) —(27) + (29) 

+ 4:7523 —(6)+(7)—(6) + (29) — (41) + (44) 

+ 30055 — (24) + (26) — (33) + (34) — 4) + (45) 

— 8.3978 —(2)+(6) + (24) — (29) — (34) + (37) 
0-9747 — (32) + (33) — (45) + 46) — (51) + (52) 


<j 

— 

— 
0000000000000 0 


rununudbud tb dt aod 


XI. + 0-168 — (15) + (16) — (38) + (39) — (47) + (48) 
XII. + 1-9619 + (38) — (45) — (48) + (49) — (50) + (51) 
XIII + 31-621 + 17-1342(4) + 43-4918 (12) — 24-4848 (18) + 0-1525 (19) + 24+3323 (21) 
XIV + 123-635 + 50-2675 (7) — 79-3501 (8) — 4+7567 (17) — 19-7281 (18) + 24-4848 (19) | 
+ 10-7787 (39) — 5:6930 (40) — 5-085 (41) . 
XV. O = + 13+244 + 28-6329 (14) — 15-4709 (15) + 6:9748 (26) — 0-7423 (27)— 6-23.28 (29) 
+ 5-0857 (39) + 17-6937 (41) — 22-7794 (44) 
XVI. 0 = — 16-473 — 9-9482 (6) + 38-1009 (7) — 28-1527 (8) — 2-9490 (17) — 11-4822 (109) 
+ 14:4312 (23) — 7-0620 (40) + 22-7794 (41) — 15:7174 (44) 
XVII. oF + 148-978 — 8-0016 (3) + 17-1342 (4) —_— 0-4581 (6) — 14045 (9) a 12-8501 (19) 
-+- 


24°3323 (21) — 11-4822 (23) — 3-0291 (28) + 15°7331 (29) — 12-7040 (31) 
XVI, 0 = — 212°749 — 34-4545 (6) + 8-4121 (8) 4+ 26-0424.(9) + 21-1520 (19) — 92-1172(22) 
+ 70-9652 (23) — 26-5953 (28) — 12-2459 (29) + 38-8412 (31) 





XIX. 


XX. 


XXI, 


AXIT. 


XXIII. 


XXIV, 


XKY. 


XXVI. 


XXYVII. 


SXVIII. 


XXIX, 


XXX, 


ALGEBRAICAL EQUATIONS OF CONDITION. 329° 


O = — 25-087 — 11-9829 (7) + 8-4121 (8) + 3-5708 (9) — 3-1665 (17) + 21-1520 (19) 
— 17-9855 (22) + 9:1763 (40) — 27-2028 (41) + 18-0265 (43) 

Oo = — 89-482 — 11-9829 (7) + 9-4285 (9) — 83-5292 (13) + 44+7022 (15) — 26-3012 (39) 
— 2712028 (41) + 53-5040 (43) 

© = — 961-998 + 43-3659(2) — 53-2301 (3) + 34-4545 (6) — 92-1551 (9) — 9:2639 (24) 

"+ 12-2459 (29) —~ 2-9820 (31) +30-7283 (34) —153°3575 (36) + 122-6292 (37) 

O = — 312-602 + 3°1665 (17)—74-1317 (22) + 70-9652 (23) — 9:2639 (24)— 26-5953 (28) 
+ 35-8592 (31) + 3-1235 (33) + 30-7283 (34) — 33-8518 (36) — 9:1763 (40) 
+ 31-8469 (43) — 22-6706 (45) 

O = — 20-997 — 26-5235 (24) + 51-9210 (25) — 25+3975 (26)—27-0900 (32)+ 17-7993 (33) 


+ 9:2907 (34) + 0-8181 (44) + 15-1035 (45) — 15-9216 (46) 

+ 215-243 + 67-3411 (14) —77-6050 (15) + 10-2639 (16) +. 4-43.56 (24) — 76-4021 (26) 
+ 71-9665 (27) + 17°7993 (32) — 28-0599 (33) + 10-2606 (34) + 17-5921 (47) 
— 35°9789 (48) + 18-3868 (49) + 5-4243 (50) — 10-7276 (51) + 5+3033 (52) 

= + 960-464 + 159-7293 (1) — 39-8062 (5) — 35-4587 (10) 

O = + 311-824 + 20-5315 (7)—12+2161 (10) + 88-2097 (11) —32°3917 (15) + 15-8832 (39) 
+ 48-5417 (41) — 64-4249 (42) 

— 47-704 + 20-5315 (7) — 15-5298 (8) — §-0017 (10) + 8-3614(17) — 34:0078 (19) 
+ 25-6464(20) — 16-3558 (40) + 48-5417 (41) — 32-1859 (42) 


O 
I 


O 
Il 


O = — 84-027 + 8.3614 (17) — 45-3776 (20) + 37-0162 (23) + 17-7536 (26)—5-1025 (28) 
— 12-6511 (30) — 16-3558 (40) + 76-4861 (42) — 60-1303 (44) 

O = — 296-540 + 39-1985 (24) +17-7536 (26)— 56-9521 (30)+4+5596 (33) — 85-9662 (34) 
+ 81-4066 (35) + 46-5486 (42) — 60-1303 (44) + 13-5817 (45) 

o = + 87-800 — 15-0740 (2) + 43-6914 (5) — 20-5315 (7) + 50-9603 (10) — 4+5596 (33) 


+ 40-4485 (35) — 35°8889 (37) — 48-5417 (41) + 62-1234 (42) — 13-5817 (45) 


The logarithmic values of the multipliers are as follow: 


Log I = 0-5901368 — Log xt = 9-1789756 — Log xxi = 8-2469789 + 
II = 0-2568569 — XII = 98732519 — XXII = 8-0343120 + 

Ill = 9:8976666 — XIII = 91734659 + XXIII = 7-0275058 + 

IV = 0-2428871 + XIV = 7:6475800 — XXIV = 7-7875585 — 

V = 9-2694805 + XV = 7:8060222 + XXV = 8-1839522 — 

VI = 9:6271300 — XVI = 9:0972027 + XXVI = 7-6206600 — 

VII = 9-9611520 — XVII = 90940712 — XXVII = 8-8460658 — 
VIII = 9-9761600 — XVIII = 7-4939438 — XXVIII = 8-7100859 — 

IX = o-109gI774 — XIX = 7:8792245 + XXIX = 8-1513407 + 

X = 99086995 — XX = 7-O116055 — XXX = 8-2339243 + 


Tt 


330. PRINCIPAL ‘TRIANGULATION. 


FIGURE 4. 


Notation. 





th PNT DA (17) DN (18) DL' (19) DK’ (20) DH (at 
(15 DF DM eh AB' oe AV (26) AN’ 24) AL! 28) 
aN AD (30) AE (31) AF ee AM 33) AL 34) AC (35) 
; 39) FM (40) FC 41) Id (42 


59 59) CA (60) CF (61) Cat 62) CI (63 
(64) CT (65) QR ‘82 QP (67) QF (68) QF 69) QS (70 
71) PM (72) PP 3} Pr (74) PQ (75) PS = (76) PT (77 h 
78) RE (79) RU (80) RC (81) RM (82) RF (83) RI (84 | 
85) RQ . RS (87) UC (88) UR (89) US 9°) UT 9%) | 
(92) ZC 93) TR (94) TP (95) TE (96) TS (97) SZ (98 


Equations, 
—10-6748 — (1) + (2) — (18) + (20) 


+ 63417 + (2) — (4) — (18) + (19) 
+ 46191 — (4) + (5) — (17) + (19) 


+ 07338 — (76) + (77) + (78) — (84) — (93) + (94) 
— 8.2069 — (78) + (79) — (88) + (90) — (91) + (93) 


XXVITI. 
XXIX. 


o= + 18441 — (2) + (3) — (16) + (28) — (27) + (29) 

Vv. o= + 0-8679 — (5) + (8) — (16) + (17) — (26) + @9) 
VI. o = + 1-9983 — (8) + (12) — (24) + (26) 

VII. oO = + O-7171 —(8) + (9) + (26) — (34) — (58) + (59) 
VIII. 0 = — 48379 — (9) + (13) — (56) + (58) 

IX, 0 = — 1-3201 — (10) + (11) — (14) + (5) 

X, O = — 20621 + (16) — (21) — (29) + (30) — (37) + (38) 
XI. 0 = + 5-7016 — (31) + (34) — (40) + (41) — (59) + (60) 
XII. 0 = — 2+2003 + (16) — (22) — (29) + (31) — (41) + (42) 

XII. 0 = + 41603 — (30) + (31) — (35) + (37) — (41) + (43) 
XIV. o= + 08399 — (32) + (34) — (48) + (49) — (59) + (61) 
RV. 0 = — 1-3524 + (16) — (23) — (29) + (32) — (49) + (50) 
RVI. 0 = + 7-9437 — (30) + (32) — (36) + (37) — (49) + (52) 
RVI 0 = + 24265 — (31) + (32) — (39) + (41) — (49) + (52) 
XVIII. 0 = + 0-4656 + (39) — (46) — (52) + (54) — (71) + (72) 
XIX. o = + 0-8404 + (48) — (55) — (61) + (63) — (80) + (81) 
Xx. 0 = — 1-8471 + (40) — (47) — (60) + (63) ~ (80) + (82) 
XXL 0 = + 0-5895 — (54) + (55) + (71) — (77) — (81) + (84) 
KX. 0 = + 0:9234 — (44) + (46) — (66) + (68) — (72) + (74) 
XXII © = + 1-6096 — (44) + (47) — (65) + (68) — (82) + (85) 
XXIV. O = + 43269 + (65) — (69) — (85) + (86) — (98) + (100) 
KXV, oO = + 31-8929 — (75) + (77) — (84) + (86) — (98) + (99) 
XXVI O = — 5:1172 — (63) + (64) — (78) + (80) — (92) + (93) 
XXVIL © = — 0:2006 + (78) — (86) — (93) + (96) — (97) + (98) 
Co = 
Oo= 





xXx: 
XXXI. 

- XXXII, 
— XXXITN, 
XXXIV. 
XXXV. 
- XXXVI. 


‘ XXXVII. 


XXXVITI. 


— XNXIX, 


XL. 


XII, 


XALVIIEI. 


XLIX. 


ALGEBRAICAL EQUATIONS OF CONDITION. "331 


— 130-296 + 6-6857 (2) + 7+2406 (4) + 33-7636 (18)—175-4396 (19) + 141-6760 (20) 
+ 76-177 + 5-3804 (x) + 18-8489 (5) + 64-1035 (17) — 97-8671 (18) + 33-7636 (20) 
+ 174-626 — 18-8489 (5) — 3:4697 (8) + 15-7134 (16) — 64-1035 (17) . 
+ 48-3901 (18) + 39-5491 (26) — 49-0576 (27) + 9+5085 (29) 

+ 47-860 + 80589 (2) + 17-7279 (3) — 43330 (16) + 449391 (18) 
— 40-6061 (19) — 74-6251 (27) + 92-3309 (28) — 17-7058 (29) 

+ 219-000 + 1-0353 (4) + 34-6509 (12) + 29-9784 (16) — 52-3315 (17) 


+ 22-3531 (19) + 19-8048 (24) — 18-4331 (26) — 1-3717 (29) 


— 26-721 — 34-6509 (12) + 3-6396 (13) — 19-8048 (24) + 27-9759 (26) 
— 8-1711 (34)-+ 24-5649 (56) — 67-6659 (58) + 43-100 (59) 

— 144-384 + 16139 (8) + 16-6724 (9) — 18-2866 (10) + 30-2138 (25) 
— 20+7409 (26) — 94729 (34) — 21-3600 (57) + 34-9968 (58) — 13-6368 (59) 

+ 221-013 + 16-6727 (9) — 174-8898 (10) — 59-3751 (11) +. 14-7882 (13) 


+ 124-9016 (56) — 159-8984 (57) + 34-9968 (58) 


+ 99-158 — 62-3830 (5) + 95-3834 (6) — 330004 (8) + 5:735% (16) 
+ 7°5998 (17) — 13-3349 (21) + 14-2402 (26) + 35-9704 (29) — 50-2106 (30) 

— 21-548 —9+5744 (16) — 5-7351 (21) + 15-3095 (22) — 10-0855 (35) + 15-7690 (37) 
— §°6835 (38) — 8-199 (41) + 10-7672 (42) — 2+6473 (43) 

— 124°706 + 16-9344(5) — 39-7085 (8) + 22-7742(9) — 45-2879 (16) + 29-9784 (17) 
+ 15-3095 (22) + 17-4917 (40) — 28-2589 (41) + 10°7672 (42) + 43-1010 (58) 
— 70-2723 (59) + 27-1713 (60) 

+ 527-853 + 16-9344 (5) — 207-8092 (7) + 190-8748 (8) — 45-2879 (16) 
+ 29-9784 (17) + 15-3095 (22) — 115:1430 (26) + 115-1430 (31) — 10-7672 (41) 
+ 10-7672 (42) . | 

— 155°630 — 16-6412 (39) + 17°4917 (40) — 0-8505 (41) — 11-2309 (48) 
+ 0+7569 (49) + 10-4740 (52) — 0-2240 (59) + 27-1713 (60) — 26-9473 (61) 

+ 57:239 — 16-0023 (16) — 57351 (21) + 21-7374 (23) — 16-2994 (36) 
+ 21-9829 (37) — 56835 (38) — 9:1590 (49) + 11-7031 (50) — 2°5442 (51) 

+ 367-323 + 32-7188 (30) — 132-8590 (31) + 100-1402 (32) + 87-7171 (35) 
— 97-8026 (36) + 10-0855 (37) — 10-4740 (49) — 32-0090 (51) + 42-4830 (52) 

— 380-963 — 97-8691 (31) + 97:153 (33) + 07160 (34) — 4:2651 (40) 
+ 34-6238 (41) — 30-3587 (45) — 27-1713 (59) + 84-4766 (60) — 57-3053 (62) 

+ 443-185 — 62-5293 (31) + 178-2645 (32) ~ 115+7352 (33) + 43190 (39) 
+ 17-7213 (41) — 22-0403 (45) — 71-4367 (49) + 3°7229 (52) + 67-7138 (53) 

— 262-714 — 100-8562 (31) + 100-1402 (32) + 07160 (34) + 33-2846 (40) 
— 33-2846 (46) — 10-4740 (49) + 15-3898 (52) — 4:9158 (54) — 27-1713 (59) 
+ 27-1713 (60) — 35-4147 (70) + 79-7477 (71) — 44-3330 (72) 

— 166-271 + 43190 (39) + 67-5042 (45) — 73-8232 (46) + 37229 (52) 
— 52-9236 (53) + 49:2007 (54) + 20-4654 (71) — 35-0091 (72) + 14-5437 (73) 

— 11-258 — 100-8562 (31) + 100-1402 (32) + 0-7160 (34) — 10-4740 (49) 
+ 19-7404 (52) — 9-2664 (55) — 27-1713 (59) + 51-9068 (60) — 24-7355 (63) 
— 24543 (80) + 104-4825 (81) — 102-0282 (82) | 

+ 53-087 — 14-8242 (39) — 166-2857 (46) + 181-1099 (47) + 972664 (52) 


— + 1123710 (54) — 121-6374 (55) — 16-7730 (71) + 28-2805 (72) — 11-5075 (77) 


Tt 2 


332 


LI. 
LII. 
LITI. 
LIV. 


LV. 


LVI. 
LVII. 


LVIII. 


LIX. 


PRINCIPAL TRIANGULATION. 


Oo = — 288-424 — 43408 (48) + 35-8154 (53) — 31-4746 (55) + 53-6650 (61) 
— 115-6815 (62) + 62-0165 (63) — 7-4236 (80) — 27-4776 (81) + 34-9012 (83) 

o = + 438-457 + 33°1464 (44) — 166-2857 (46) + 133-1393 (47) + 90-0994 (65) 

88.2215 (66) — 1-8779 (68) + 28-2805 (72) + 28-5049 (74) — 56-7854 (77) 


o = + 524479 + 134-9228 (44) — 206-7460 (45) + 71-8232 (46) + 12-0494 (66) 
— 65-6230 (67) + 53-5736 (68) + 35-0091 (72) — 58-3154 (73) + 23-3063 (74) 

o= + 158-662 + 88.2015 (65) — 60-8365 (66) — 27-3850 (69) — 64-0408 (84) 
+ 49°5355 (85) + 14-5053 (86) — 47-4335 (98) + 83-3237 (99) — 35-8902 (100) 

0 = — 360-030 + 14-0722 (40) + 33°1464 (44) — 47-2186 (47) + 24-7355 (60) 
— 78-2265 (63) + 53-4910 (64) — 45-1216 (65) — 13-8779 (68) + 46-9995 (69) 
+ 6-4337 (92) — 41-8863 (93) + 35-4526 (96) — 8-5800 (97) — 6-5306 (98) 
+ 15+1106 (100) 

Oo = — 624-395 — 343576 (75) + 92-3015 (76) — 57-9439 (77) — 184-6974 (93) 
+ 220-1500 (94) — 35°4526 (96) + 8-5800 (97) + 38-8535 (98) — 47-4335 (99) 

O = + 226-915 — 37-1348 (62) + 62-0165 (63) — 24-8817 (64) — 78.9687 (78) 
— 7-4236 (80) + 86-3923 (83) — 3-4413 (92) + 155-5163 (93) — 152-0750 (95) 

Oo = + 239-841 + 53-4910 (63) — 53-4910 (64) + 55-0429 (78) — 56-6985 (79) 
+ 1-6556 (80) + 208-3694 (87) — 13-8783 (88) — 194-4911 (90) + 238-3808 (91) 


238-3808 (92) | 
o = + 177-170 — 27-8166 (78) + 13-4157 (79) + 14-4009 (86) + 39-4210 (88) 
— 78-1964 (89) + 38-7754 (90) — 20-1362 (91) — 35-4526 (93) + 55-5888 (96) 


The logarithmic values of the multipliers are as follow : 


Log I 
iI 


xV 
XVI 
XVII 
XVIII 
XIX 
XX 


= 9:9386663 + Log xxt = 9°9589597 + Log XLI = 8-2993604 — 
= 0-3787853 = XXII = 9:2809485 7 XLII = 86640524 -. 
= 0-1144088 + XXII = 9°8453975 — XLII = 8+5129342 + 
= 97435278 — xxIV = 9-8077968 — XLIV = 7-6965464 — 
= 9:2522873 — XXV = 8-9927779 — XLV = 7-8363203 — 
—_ 0:5247987 +. XXXVI = 98048858 = ALVI = 8-0569139 _ 
= 0-5528706 — XXVIII = 8-8561226 + XLVII = 7-9882062 + 
= 98436849 — XXVIII = 9:6575788 + XLVI = 7-3126416 — 
= 9°7074572 + XXIX = 0-5587701 + XLIX = 7:9843685 + 
= 8-3200632 + XXX = 8-o144600 + L = 6-9512656 + 
= 012555262 — XXXI = 8.4969474 — Lt = 8-3957517 + 
= 9°4065574 + XXXII = 8-9203735 — LU = 8-1389918 — 
= 0-2221406 — XXXIII = 7-8900858 + LIT = 6-8526288 — 
= 8-3738972 — XXXIV = 8.9216569 — LIV = 7-8741256 + 
= 94759462 — XXXV = 8-6040323 + LV = 8-3249710 + 
= 9-6251369 — XXXVI = 8-9948085 + LVI = 7°9991345 + 
= 8.6711349 — XXXVIL = 8-1856824 — LVII = 7-9967856 — 
= 0-0007198 + XXXVIII = 79752209 — LVI = 7-8508316 + 
= 9-2837939 + EXKIX = 8-9521893 + LIX = 8-9251873 — 


0-1358889 — XL = 8-4700998 — 


lI 








i. 
eC 
ai 
be 
a 
xt 
; 
i 
i 
} 
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ALGEBRAICAL EQUATIONS OF CONDITION. 333 


FIGURE 5. 

Notation. 
(1) DV DB DK EV EW (6) EB (7) EK 
(8) FV tS} FB (33 FJ ae FK 8 FH (13) QK (14) QH 
(15) QG 6) V. VD 8) VI (19) VX 20) VI 21) VB 
23) VE an vp ee BE as BY (26) BYW 2) BX - BJ 
29 BK (30) KF (31) KE (33) KD (33) KV (34) AB 35) ae 
30) KJ (37) KL (38) K (39) KH (40) KQ (41) AL 42 
(43) HK (44) HL ( ; HN (36) HO (47) HG (48) HQ 49) WE 
(50) WV eek WX 2 WZ (33) WI (54) WK (55) WB (56) XB 
i eee te. eee ee ee Ck oo 
to} na he iA cL eh Ad a ZW i LX LY 
(98) VX (49) YZ (80) VW tat LH (82) LK 533 LJ 84) LN 
the Lo (86) L@ (87) NQ (88) NH (80) NL (90 Nr 2 NO 
(92) NG (93) GQ 543 GH (95) GK (96) Gh (97) GN (98) GO 
oe OG (100) OFF (101) OL (102) ON (103) OF 


Equations. 
— 1-0396 — (11) + (13) + (30) — (40) 
+ 05809 — (7) + (11) — (30) + (31) 
+ 1-5982 — (3) + (11) — (30) + (32) 
— 47687 — (1) + (3) + G7) — (22) — (2) + (3) 
— 4:4335 — (4) + (7) + (16) — (22) — (31) + G3) 
+ 34296 — (8) + (11) — (22) + (23) — (30) + (33) 


— 02953 — (44) + (45) + (81) — (84) — (88) + (89) 
— 1-3885 — (71) + (73) — (83) + (84) — (89) + (90) 
F 15123 — (14) + (15) — (47) + 48) — (93) + (94) 


AXVIITTI, 
XXIX, 


VIL o = + 31-4635 — (21) + (22) + (25) — (29) — (33) + (34) 
VII. o = — 23-8090 — (6) +(7) + (24) — (29) — (31) + (34) 
IX 0 = + 0-4453 — (20) + (21) — (25) + (28) — (64) + (65) 
X. o = — 0-2764 — (8) + (10) — (20) + (23) — (63) + (65) 
XI o = — 1-6250 — (20) + (22) — (33) + (36) — (62) + (65) 
XI, o = + .0-5595 — (4) + (5) + (16) — (18) — (49) + (50) 
XI o = +.1-0919 — (18) + (21) — (25) + (26) + (50) — (55) 
XIV. o = — 1-8643 — (18) + (22) — (33) + (35) + (50) — (54) 
XV, oO = + 15999 — (18) + (20) + (50) — (53) — (65) + (66) 
XVI. oOo = + 3-7658 — (18) + (19) + (50) — (51) — (57) + (58) 
XVIL o = + 0-2042 — (26) + (27) — (51) + (55) — (56) + (58) 
XVII. 0 = + 0-4907 — (51) + (53) + (58) — (61) — (66) + (67) 
XIX. Oo = + 2.8169 — (60) + (61) — (67) + (69) — (74) + (76) 
XX. 0 = + 3-3622 — (52) + (53) — (66) + (69) — (74) + (75) 
XXI, o = + 0-0328 — (59) + (61) — (67) + (68) + (78) — (80) 
XXII, O = — 0-0221 — (59) + (60) — (76) + (77) + (78) — (79) 
XXII. 0 = — 0.5017 — (13) + (14) — (39) + Go) + (43) — G8) 
XXIV. 0 = — 4-2903 — (12) + (14) + (42) — (48) 
AAV, 0 = —~ 143934 — (37) + (39) — 43) + G4) — (81) + (82) 
XAVE 0 = + 45389 — (36) + (37) + (62) — (73) — (82) + (83) 
XAXVII. oo; 
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XXX. 
XXXI. 
XXXII. 
XXXII. 
XXXIV. 
KXXV. 
XXXVI. 
XXXVIL 
XXXVIIL 


XXXIX, 


LVI. 
XLVII, 
ALVITI. 
XLIX. 
L. 


LI. 


00000000 


iw fo ue dl 


-+- 


ee ee 


Pteei titi 


ne ee oe 


PRINCIPAL TRIANGULATION. 


a1516 — (13) + (15) — (38) + (40) 
00297 — (44) + (47) + (81) — (86) — (94) + (96) 

23421 — (84) + (86) + (89) — (92) — (96) + (97) 

1+1521 — (70) + (71) — (90) + (91) — (102) + (103) 

1-5781 — (84) + (85) + (89) — (91) — (101) + (102) 

06762 — (45) + (46) + (88) — (91) — (100) + (102) 

3°052% — (91) + (92) — (97) + (98) — (99) + (102) 

84:936 — 50-3070 (3) + 21-7576 (7) — 0-8653 “(30) + 17-3026 (31) 
16-4373 (32) 

251-917 + 21-7576 (7) + 25°5147 (13) — 18-1796 (30) + 17-3026 (31) 
0-8770 (40) 

51-879 + 11-3254 (11) + 11-6777 (13) + 9:6987 (30) + 51-2182 (40) 
60-9169 (41) 

65-337 + 20-1358 (1) + 58-5535 (8) — 68-4859 (16) + 17-0643 (17) 
51-4216 (23) 

7:037 + 8-9109 (1) — 50-3070 (3) + 6-3395 (17) + 35-8446 (22) — 42-1841 (23) 
14°2236 (30) — 16-4373 (32) + 22137 (33) 

134-866 — 33-6100 (4) + 44°8879 (6) — 11-2779 (7) — 3:9942 (16)—38: 1266 (21) 
42-1208 (22) — 21-4385 (31) + 107-5900 (33) — 86-1515 (34) 

231-007 + 93-3791 (1)—113°5149 (2) — 36-2905 (4) + 33-6100 (6)—29-2666 (17) 
29°2666 (21) + 8.2192 (24) — 8-2192 (25) 

4-676 + 17-2700 (6) — 11-2779 (7) — 47-1615 (9) + 17-9259 (11) — 1-8686 (30) 
21-4385 (31) + 23-3071 (34) 

198-069 — 9:5631 (8) + 38+5668 (10)—29:0037 (II)—12-6021 (20)+48-4467 (22) 
35-8446 (23) — 61-2925 (62) + 68-7208 (63) — 7-4283 (65) 

229-819 + 32-9993 (20) — 75°120% (21) + 42-1208 (22) + 107-5900 (33) 
133°3496 (34) + 25°7596 (36) + 15+5787 (62) — 84-1681 (64) + 68. +5894 (65) 
201-799 + 159°6947 (4)—193°3047 (5)+ 33-6100 (6)+8-2192 (24)— 33: 2.448 (25) 
25-0256 (26) — 79°4389 (49) + 67-4023 (50) + 12-0366 (55) 

428-380 + 82-7026 (33) — 100-1638 (35) + 17-4592 (36) + 22°5786 (50) 
11+3308 (53) — 11-2478 (54) + 7:4283 (62) ~ 88-4120 (65) + 80-9837 (66) 
47-612 + 15°7046 (18) ~ 19-5385 (20)+3-8339 (21) + 250256 (25) —24-9083 (26) 
0-1173 (28) + 34°1724 (64) — 80-9837 (65) + 46-8113 (66) 

7+552 + O-1173 (26) + 17-2924 (27) — 17-4097 (28) — 16-3228 (51) 
29-4582 (53) — 13°1354 (55) + 14°2885 (56) — 1+5218 (58) — 12-7667 (61) 
19°039 — 24-3433 (19) + 57-3426 (20) — 32-9993 (21) + 17-9163 (25) 


— (93) + (95) 


+ 17+2924 (27) — 35-2087 (28) + 14-2885 (56) — 2-7160 (57) — 115725 (61) 


-- 


63°558 — 16-3228 (51) + 81-6791 (52) — 65-3563 (53) — 15218 (58) 


— 45°6573 (60) + 47-1791 (61) — 15-1994 (74) + 19-1882 (75) — 3-9888 (76) 


+ 
“EL 


== 
= 
Smad 


2 


85°230 — 10-1834 (59) + 45-6573 (60) — 35°4739 (61) — 12-6799 (74) 
3°9888 (76) + 8-6911 (77) — 3-0543 (78) — 43-8174 (79) + 46-8717 (80) 
724579 + 33-7109 (11) — 88-9464 (12) — 83-5088 (13) + 68-0318 (14) 
3°4232 (30) + 105-8220 (39) — 102-3988 (40) | 
180-390 + 38-5668 (10) — 72-2777 (11) + 33-7109 (12) + 18-4466 (42) 
347009 (43) + 16-2543 (44) — 120-3432 (62) + 68-7208 (63) + 51. 6224. (73) 
10-2552 (81) — 8.4059 (82) — 1-8493 (83) 





OnE Eb ee ee 
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LVI. 0 = + 234327 + 10-8243 (36) — 21-2596 (37) + 10-4353 (39) + 16-2543 (43) 
— 518789 (44) + 35-6246 (45) + 51-6224 (62) + 43-8608 (71) — 95-4832 (73) 
+ 33-4197 (88) — 40-8293 (89) + 7-4096 (90) 

LVI. O = + 146-218 + 83.5088 (13) — 83-5088 (14) + 10-4353 (37) — 112-8341 (39) 
+ 102-3988 (40) + 26-0133 (45) — 26-0133 (48) + 00-5674 (81) + 10-2552 (82) 
— 10-8226 (84) + 90-2019 (87) — 123-6216 (88) + 33-4197 (89) 


LVHI. 0 = — 283-660 + 31-6854(44)—35-6246 (45)+ 3:9392 (47)— 33°4197 (88) + 37-3551 (89) 
— 3:9354 (92) + 33°4122 (94) — 69-0306 (96) + 35-6184 (97) 
IX. 0 = — 55-719 + 35:0374 (43) — 16-2543 (44) — 18:7831 (47) — 10-2552 (81) 


+ 29-4884 (82) — 19-2332 (86) + 67-8170 (94) — 146-5643 (95) + 78-7473 (96) 
IX, 0 = + 671-869 + 83-5088 (13) — 87-8649 (14) + 4:3561 (15) + 35-0207 (38) 
— 1374195 (39) + 102-3988 (40) + 40-1795 (93) — 107-9965 (94) + 67-8170 (95) 
LXI, o = + 177-586 + 10-8243 (36) — 43-7215 (37) + 32-8972 (38) + 51-6224 (62) 
+ 96-2750 (72) — 147-8974 (73) + 44:6749 (83) — 44-6749 (86) + 78-7473 (95) 
— 78-7473 (96) 
LX, O = + 4:155 — 3°9392 (44) + 92-2212 (46) — 88-2820 (47) — 8-3452 (82) 
— 65-2049 (85) + 73-5501 (86) — 16-8532 (99) + 26-2765 (100) — 9-4233 (101) 
UX. O = — 96-3851 — 18-4206 (45) + 92-2212 (46) — 73-8006 (47) — 8-3472 (88) 
— 43:0367 (91) + 51-3839 (92) — 25-6532 (99) +26:2765 (100) — 0-6233 (102) 
— 346-404 + 188-5746 (70) — 232-4354 (71) + 43-8608 (73) + 2+3081 (83) 
— 37°4501 (84) + 35-1420 (85) + 51-0461 (101) — 160-3904. (102) -+ 109-3443 (103) 


> 
Pt 
x 
O 
ll 


The logarithmic values of the multipliers are as follow : 


Log 1 = 015293965 + Log XXII = 0-3916240 + MORE EIN teas BH 8403 302, 
Il = 0+3975379 + XXIII = 0-5731195 — XLV = 9-6208954. + 
IIT = 0-7958668 + XXIV = 0-8155366 + XLVI = 8-1044492 -— 
ive= 0-7921918 +E XXV = 0-5168457 + XLVII = 7°1647008 — 
V = 03036479 + XXXVI = 9-QI44170 + XLVI = 6-9762179 — 
VI. = 0-6884514 — XXVII = 9:2693061 + XLIX = 9+2481761 — 
VII = 9-9751943 — XXVIII = 05913993 + L == 90767849 + 

VII = 0:0043347 + XXIX = 99462862 + LI = 9-1691290 — 
IX = 0-6717515 — EXX = O-4163191 — LII = 8-8525309 — 
X = 0-6715208 — XXXI = 0:6672112 + LIE = 9:0753716 — 
XI = 052429174 + XXXII = 9-9960731 — LIV = 9°2335784 — 
XII = 0+1932298 — XXXII = 0-7658271 + LV = 9-4477501 — 
AI = 0+3 503383 = SAXIV = 0-7011470 + LVI = 8-8866621 — 
XIV = 9°6264556 + XXXV = 9:6687342 + LVIL = 8-0337204 — 
XV = 0-5704234 + XXXVI = 0-:0256032 — LVIIL = 8-1593081 + 
_XVI = 0-1565700 — XXXVII = 9-8460294 + LIx = 8-8585001 — 
XVIE = 9-5989273 + XXXVII = 9-8753184 — LX = 8-9322040 — 
XVIII = 9-0004148 — XXXIX = 8-4556441 + LXI = 8-3961392 — 
XIX = 9-5596608 ++ XL = 8-8153312 — LX = 8-5850545 + 
XX = 0:6389752 — XLI = 9:8320881 — LX = 7-8265083 + 
XXI = 0-1818181 — XLII = 8+3789766 + LXIV = 8-4594747 + 


XLIII = 7-7388931 
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FIGURE 6. 
Notation. 

AB -(2) AE (3) AC (4) BE (5) BD 6) BC (7) BA 
ts CA 6) CB ae CE (11) CD (32) CH (33 CF 14) DC 
(xs) DB (16) DE 17) DH (18) DE 19) DF (20) EB 21) EH 
a2) EF (23) £D eh EC (25) FC (26) FD ch FE 28) FH 
29) FG (30) GF 31) GD (32) GH (33) HF (34) HC (35) HD 
36) HE (37) HG 


Equations. 


Pegose7 (a3) 0) C7 8) 9) . 
+ 21970 — (4) + (6) — (9) + (20) + (20) — (24) ; 
— 03500 —(5) + (6) —(9) + (11) — (14) + (15) 
~ 0:0953 — (10) + (11) — (14) + (16) — (23) + (24) 

— 2+9738 — (10) + (13) — (22) + (24) — (25) + (27) | 
— 0-7019 — (11) + (13) + (14) — (19) — (25) + (26) 
— 3:7769 — (10) + (12) — (21) + (4) — (34) + (36) | 
+ 06564 — (21) + (22) — (27) + (28) — (33) + (36) 

7:2969 — (16) + (17) — (at) + (23) — G5) + (6) 

— 28910 — (28) + (29) — (30) + (32) + (33) — G7) 

+ 3°4623 — (17) + (18) — (31) + (2) + (G5) — G7) 

— 48-099 + 42-1448 (1) — 102-5105 (2) + 60-3657 (3) + 28-4691 (4) — 16-6282 (6) 
— 11-8409 (7) — 18-9141 (8) — 9°6582 (9) + 28-5723 (10) 


< 
| 
000000000000 


ll 


XII, 0 = — 17-897 — 16-6282 (4) + 24°8198 (5) — 8-1916 (6) — 15-5474 (14) + 17-2021 (15) 
— 1-6547 (16) — 10-7552 (20) — 7:2860 (23) + 18-0412 (24) 
XIV. 0 = + 83-338 + 19-4190 (10) — 48-2364 (11) + 28-8174 (13) — 1-6547 (14) — 34-9142 (16) 


+ 36-5689 (19) + 12-0992 (25) — 68-3803 (26) + 56-2811 (27) 
XV. 0 = + 59-415 — 3-3787 (10) + 32-1961 (12) — 28-8174 (13) — 12-0992 (25) + 4°5617 (27) 
+ 7°5375 (28) — 23-0799 (33) + 29°8961 (34) — 6-8162 (36) 
XVI. 0 = + 321-247 — 25-7495 (16) — 10-8194 (17) + 36-5689 (19) —68-3803 (26)-+ 60-8428 (27) 
+ 7*5375 (28) — 23-0799 (33) + 51-9724 (35) — 28-8925 (36) 
— 124-859 + 62-1656 (17) — 94-7478 (18) + 39-5829 (19) —15+7576 (26) — 74:9706 (28) 
+ 90-7282 (29) — 29-5206 (30) + 14-5907 (31) + 14-9299 (32) 


XVII. 


O 
I 


The logarithmic values of the multipliers are as follow : 


Log I = 00305141 — Log vit = 8-83739477 + Log Xl = 8-5483305 +- 
= 9°9414277 — VIIT = 9-5507719 + XIV = 8-3918345 — 
III = 9:0169674 + IX = 9-4909562 — XV = 8-1234760 — 
IV = 0°5720127 — X = 9-9179106 + XVI = 8-9044266 — 
V = 0°5472919 + XI = 9:5362399 — XVII = 6+1283993 + 
VI = 0-4991391 — XH = 7-8354559 + 





ALGEBRAICAL EQUATIONS OF CONDITION. 


FIGURE 7. 

Notation. 
CF (2) CG CP (4) CK ) CH 6 
CD (9) FK (3 FH (11) FG a FC oe 
GK (16) GI (17) GH (18) GE (19) GD (20) 
DG = (23) DK (24) DH (25) DI (26) DE (27) 
EG (30) EK (31) EI (32) HC (33) HD = (34) 
HF (37) HK (38) HL (39) HI (40) KE (41) 
KC ae KF (45) KP (46) KO (47) KN (48) 
AT (51) LE (52) ED (53) IC (54) TH (55) 
IL (58) LL (59) LA Go) LP (61) LM © (62 
MP 65) JMO (66) MN (67) MA (68) PK (69) 
PA oe PO (73) PN a PM (75) PL 6) 
AO oR AP (So) AB (81) BN (82) BO (83) 


Equations. 


— 17545 ~ (2) + (8) — (19) + (20) — (a1) + (22) 
— 0:7343 — (18) + (19) — (22) + (26) — (27) + (29) 
+ 04095 — (2) + (7) — (18) + (20) — (28) + (29) 
+ 4:9734 — (1) + (2) — (11) + (12) + (13) — (20) 
+ O-171T — (1) + (5) — (40) + (12) — (34) + (36) 
+ 15737 — (2) + (5) — (17) + (20) — (34) + (35) 
+ 3-8800 — (17) + (19) — (22) + (24) — (33) + (35) 
— 06179 —~(1) + (4) —(9) + (42) — (43) + (4) 
— 3°3731 ~ (9) + (10) — (36) + (37) — (41) + (44) 
+ 0-9324 — (4) + (8) — (21) + (23) — (42) + (43) 
+ 31264 — (4) + (7) — (28) + (30) — (40) + @3) 
— 0-3108 — (30) + (gr) + (40) — (50) — (51) + (59) 
+ 3-4130 ~ (37) + (39) + (41) — (50) — G4) + 9) 
+ 3+5314 — (16) + (18) — (29) + (31) — (51) + G5) 
+ 7:6777 — (6) + (7) — (28) + (31) — G1) + G3) 
+ 4:8698 — (25) + (26) — (27) -F (31) — (51) + (2) 
— 27555 — (49) + (50) — (56) + (57) — (58) + G9) 
— 0-3474 — (45) + (49) — (59) + (60) + (68) — (75) 


— 0-7505 — (60) + (61) — (62) + (64) — (74) + (75) 
— 3°3194 — (45) + (48) — (63) + (64) + (68) — (74) 
+ 3°6755 — (64) + (67) — (71) + (74) — (76) + (79) 
— 22697 — (70) + (71) — (79) + (80) + (83) — (84) 


| | | | | | | | | |) | | | | | 


Oo0ocooe0oe0oe0aoeaoedaoeaoeomltomlmlatmlclkdlUc cowl cl clkdmlUlcUclclCc UlWlc OWUlc Ol OlCLc Ol 


— 4:9424 (26) + 10-4970 (27) — 36-2319 (28) + 25-7349 (29) 


— §°5728 (20) + 5-7622 (34) — 40-6764 (35) + 34°9142 (36) 
O = + 92-753 + 074:89 (17) +20:0543 (19) —20-8032 (20)— 37-6207 (21) +33'1458 (22) 
+ 4:4749 (24) — 27-5208 (33) + 68-1972 (34) — 40-6764 (35) 
O = — 52-422 — 0.0571 (2 )—37+1263 ( 5 )+37°1834 (7 )+33:2372 (17) 45'5493 (78) 
TF. 12-3121 (20) + 12-6532 (32) — 16-8803 (34) + 42271 (35) 


u 


43 


+ 08732 —(2) + (4) — (14) + (20) — (3) + (45) — (68) + (69) 
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+ 34415 + 4:1042 (2) + 00571 (7 )—4-1613 (8 ),+ 33-1458 (21) —28-2034 (22) 


- O = — 59-621 + 12-2004 (10) — 18-5005 (11) + 6-3001 (12)+4-8239 (13)-+0-7489 (17) 
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XXVIII. 


XXIX. 


»:6:0.6 


XLV. 


PRINCIPAL T'RIANGULATION. 


— 201-136 — 4:6427( 1 )+ 108-7641 ( 4 )— 104-1214 (5)—72-7759 (9) + 78-4432 (10) 
— 56673 (12) + 19-0165 (34) — 40905 (36) — 14-9260 (37) 
— 120-804 — 1-3286 (21) — 3-1463 (23)+4-4749 (24) — 27-5208 (33) + 8.5043 (34) 


+ 19-0165 (37) — 28-4756 (41) + 37-2358 (42) — 8-7602 (43) 

— 6.202 + 7-7881 (4) — 24-2292 (7) + 16-4411 (8 )—3+1463 (21) ~ 24: 6x08 (23) 
+ 27-8038 (26) — 20-2258 (27) + 3-9057 (28) + 16-3201 (30) 

+ 176-488 + 4-6427 (1 )—18-1977 (2 )+13°5550( 4.)+37-0464( 9 )—42-7137 (11) 
+ 5:6673 (12) + 31-7242 (13) — 39-6663 (15) + 7-9421 (20) 

+ 80-936 — 22+7400 (15)+85-1985 (16)—62-4585 (17) + 5°5314 (35)+7°1595 (37) 
— 12-6909 (39) — 13-7473 (54) + 20-8744 (55) — 7°1271 (56) 

+ 24°747 + 27-8389 (16)—33-2372 (17) + 5°3983 (18) —6-8318 (32) — 4-2277 (35) 
+ 11-0589 (39) + 9-4500 (51) — 28-1213 (54) + 18-6713 (55) 

— 82-191 — 37+1263 (5) + 41-9355 (6 )—4-8092 (7) + 5*8214 (32) —16-8803 (34) 
+ 11-0589 (39) — 10-3158 (51) +38+4371 (53) — 28-1213 (54) 

+ 149-706 + 29:9170(23)—57°7208(25)+27+8038(26)— 20: 2.2.58 (27) —26-8020( 30) 
+ 47-0278 (31) — 31-3550 (51) — 0-4618 (52) + 1-8168 (56) 

— 299-782 + 21-4380 (37)—103:2242(38) + 81-7862(39)—5- -1.560(41)-+ 30° 663249) 
— 25°5072 (50) — 32-5693 (54) + 0-0953 (56) + 32-4740 (57) 

+ 252-453 + 87-0842 (14) —172-2827(15)+ 85-1985 (16) + 20-8744( 55) = 20-7791 (56) 
— 0:0953 (57) + 17-5415 (58) — 21:9355 (59) + 4:3940 (60) — 70-2600 (68) 
+ 49-6645 (69) + 20°5955 (75) 

+ 257-239 + 46-0857 (2)— 121-6034 (3)+75°5177 (4)+ 71-2701 (14)—28-9345 (15) 
— 42+3356 (20) + 21-2790 (68) — 21+2790 (69) 

“+ 31-935 + 10-6707 (45)—24-7897 (48) + 14-1190 (49) +4:3940 (59)—17. -7166 (60) 
+ 13-3226 (61) — 0-9964 (62) — Io: 0834 (63) + 11-0798 (64) | 

— 181-931 + 39-2217 (45) — 137:3120 (47) + 98-0903 (48) — 25-0260 (63) 
— 5+4395 (64)-+ 30-4655 (66) — 8-9854 (68) + 36-0668 (73) — 27-0814 (74) 

+ 269:689 + 10-5151(70)—51°4287(71)+.40-9136(73) + 82-9103 (77)—77°7681(79) 
— 5-1422 (80) — 95+5760 (81) + 60-6485 (83) +. 34-9275 (84) 7 

— 157-664 + 54395 (64)—61-9665 (66) + 56.5270 (67) + 51-4287 (71) — 78-5101 (73) 
+ 27-0814 (74) + 136-3295 (76) — 214:0976 (77) + 77-7681 (79) 


55803 + 53°9713(45) — 115-0126 (46) + 61-0413 (48)— 18-8367 (63)—8-7616 (64) 
+ 27-5983 (65) — 18-6553 (68) + 32-6999 (72) — 14-0446 (74) 
— 6-682 — 14-0430 (64) — 4:0615 (65) + 18-1045 (67) + 12-0933 (71)—28-0876 (72) 
+ 15-9943 (74) ~ 10-0435 (76) — 347-4061 (78) + 47-4496 (79) 
~ 56-796 — 13-6990 (70) + 24-0538 (71)— 10-3548 (72) — 13-5021 (78)-+-05241 (79) 
+ 12-9780 (80) + 3-4614 (82) + 10-6774 (83) — 14+1388 (84) 


The logarithmic values of the multipliers are as follow: 


Log I = 0-6886588 — Log VII = 0-0029665 — Log XII = 0-1601638 — 
TI = 092222725 — VII = 0-5218201 + ALV = 9+2698267 — 

‘Tr = 0:8859485 + IX = 0-4905806 — XV = 0°5070954 — 

IV = 9:8524366 — KX = 0+3714597 + XVI = 0-3996050 — 

V = 03953496 — XI = 0-4282211 + XVII = 06390890 + 

VI = 0°5667297 — XII = 0:6933756 + XVIIL = 04311153 -b 








ALGEBRAICAL EQUATIONS OF CONDITION. 339. 
Log XIX = 9:0972469 — Log XxviIt = 7-7234985 + Log Xxxvil = 7-4796287 — 

XX = 0-0358242 +4 XXIX = 8-9598740 + XXXVHI = 6:9322992 — 

XXI = 9-6121636 — XXX = 8-9665120 + XXXIX = 7-5478818 — 
XXII = 0-1457979 — XXXI = 8-0221754 + XL = 6:9774635 + 
XXIH = 0-3465679 — XXXII = 7-9319356 — XLI = 7-6008689 — 
XXIV = 9-3295629 — XXXII = 7-6570157 + XLIE = 7:6172851 + 
XXV = 8-14.54820 ais XXXIV = 8-6962025 + XLIII = 8-4265598 = 
AARVI = 9:1074823 Eons XXXV = 8-0279055 + XLIV = 8-6292516 _ 


XXVIT = 9-1854048 — 


XXXVI = 7:9125576 + 


XLV = 9-3017605 + 


FIGURE 8. 
Notation. 
US 2) UR UT TU TS 6) TN (7) TR 
@ TQ 6) RU he RS hee RN os RM 3 RQ (4) RT 
15) SN (16) SA (17) SQ (18) SR ST oa SU (21) QT 
2) QR (23) QS (24) QN an QM tae QP 27) QO oe PR 
29) 2S 13° PM (31) PK (32) PO (33) PQ (34) OP (35) ON 
(36) OK (37 OH (38) OC Ss 0Q +49) NK (41) NM 942) NO 
(43) VP 44) NQ (48) NR (46) NT bar NS (48) MS (49 MN 
50) MK (51) MH (52) JF oR ML 54) MC (55) MP - 56) MR 
es MR (8) LM (s9) LK (20) LH (61) LF (62) KN (23) KG 
64) KH (6s) KF 66) KE’ (67) KL 68) KO (69) KP vo) KM 
(71) HK 7 HG (a3 HF (74) HE’ 75) HC (76) HO (77) AL 
(78) HM (49) CO (80) CA gh CH (8 EK (83) EH (84) EF 
the) EG (86) A'F ‘393 A'G 38 FH (8) FG (90) FA’ (91) FE 
| Equations. 
lL 0 = — 6-3841 — (84) + (86) — (90) + (91) 
I. oO = + 6:3356 — (73) + (74) — (83) + (84) + (88) — (91) 
Il, © = + 31-4183 — (74) + (75) — (81) + (83) 
Iv. 0 = + 48551 — (64) + (66) + (71) — (74) — (82) + (83) 
V. © = + 3-1818 — (50) + (51) — (64) + (70) + (71) — (78) 
VE oO = — 27757 — (51) + (54) — (75) + (78) — (80) + (81) 
VIL © = — 0-0156 — (50) + (53) — (58) + (59) — (67) + (0) 
VIL o = — 3-8351 — (51) + (53) — (58) + (60) — (77) + (78) 
IX, 0 = — 1-3457 — (37) + (38) — (75) + (76) — (79) + (81) 
X 0 = — 5+2424 — (36) + (37) — (64) + (68) + (71) — (76) 
XI 0 = — 3-5667 — (31) + (32) — (34) + (36) — (68) + (9) 
RIL 0 = + 42114 — (30) + (31) — (50) + G5) — (69) + (70) 
XE © = — 0-1076 — (35) + (36) — (40) + (42) + (62) — (68) 
XIV. O = + 0:9718 — (29) + (31) — (40) + (43) + (62) — (69) 
XV. 0 = + 0-9711 — (29) + (30) — (41) + (43) + G49) — G5) 
XVI 0 = + 31-9638 — (24) + (25) — (41) + (44) + 9) — GS) 
AVI O= + 21715 — (24) + (26) + (29) — (33) — (43) + G4) 
XVUI, eae 


tt 22244 — (24) + (27) + (35) — (39) — (42) + (44) 
, Uu2 © | 


XAIT, 
XAXITI. 
XXIV. 
XXYV. 
XXAVI. 
XXVIT. 
XAVITI. 
XATIX, 


XXX, 


XXXI. 


AAXIT, 


AXXITI. 


XXXIV. 


XXXYV. 


XXAVI, 


XXXVI. 


SSAVITI. 


XXXIX, 


PRINCIPAL TRIANGULATION. 


o = — 4:3345 — (15) + (17) — (23) + (24) — (44) + (47) 
o = — 23785 — (16) + (17) — (23) + (25) + (48) — (56) 
O = + 0-2735 — (10) + (13) — (17) + (18) — (22) + (23) 
o = — 3°7085 — (11) + (13) — (22) + (24) — (44) + (45) 
o = + 0-:9382 — (12) + (13) — (22) + (25) — (56) + (57) 
o = — 04239 — (6) + (8) — (21) + (24) — (44) + (46) 
Oo = + 09412 — (7) + (8) — (13) + (14) — (21) + (22) 
o= — 06181 ~(5) + (8) — (7) + (9) — (1) + (33) 
Oo= + 46412 —(1)+(3)—-(4) + (5) — G9) + (0) 
oO = — 07339 —(1) + (2) —(9) + Go) — (8) + Go) 
© = — 1067-450 + 465-4882 (73) — 516-9380 (74) + 51-4498 (75) + 21-5606 (81) 
+ 256-5430 (86) — 21-1027 (88) + 58-5673 (90) — 37-4646 (91) 
O= — 351-669 — 46-2719 (84) — 103-7048 (85) + 105-6050 (86) + 17-6031 (87) 


+ 83-8605 (89) — 142-4278 (go) + 58-5673 (91) 
O= + 117-029 — 0-7943 (72) + 13-2034 (73) — 12-4091 (74) — 0-9048 (83) 
4+- 23-1010 (84) — 22-1962 (85)— 0-0832 (88) + 21-1859 (89)—21-1027 (91) 
Oo = — 1153-888 + 195-1558 (63) — 204-8161 (64) + 9-6603 (66) + 105-4196 (71) 
130-9236 (72) + 25°5040 (74) + 65-6416 (82) — 79-0185 (83) + 13-3769 (85) 
285-824 — 86-7917 (64) + 132-7318 (65) + 45-9401 (66) + 82-0482 (71) 
82-0482 (73) — 79-0185 (82) + 102-1195 (83) — 23-1010 (84) — 21-1027 (88) 
21-1027 (91) 
~ 62-979 + 9-2984 (50) — 30-5948 (51) + 21-2964 (52) + 50-6836 (64) 
51-8226 (65) + 1+1390 (70) — 27-9901 (71) + 22-6832 (73) + 5-3069 (78) 
Oo = — 640-637 — 34:1758 (50) + 48-3181 (51) — 14-1423 (54) — 53-3815 (64) 


ftt i +l 


+ 45°9401 (66) + 7:4414 (70) — 21-3596 (80) + 42-9202 (81) + 79-0185 (82) 
— 88-1402 (83) 

O= + 59:677 — 26-5720 (50) + 341758 (51) — 7-6038 (53) — 8-0675 (58) 
+ 27-0957 (59) — 19-0282 (60) — 15-5793 (71) — 10-5150 (77) + 26-0943 (78) 

Oo = — 136-909 + 5:7012 (59) + 13-5404 (60) — 19:2416 (61) — 50-6836 (64) 
+ 70-9582 (65) — 20-2746 (67) + 27-9901 (71) — 31-8603 (73) + 3-8702 (77) 

O= — 717-203 — 48-5849 (36) + 63-3146 (37) — 14-7297 (38) — 45-1017 (64) 
+ 45-9401 (66) — 0-8384 (68) — 5-3958 (79) + 26-9564 (81) + 79-0185 (82) 
— 88-1402 (83) 

O=— 44447 — 75-1583 (30) + 81-7779 (31) — 6-6196 (32) + 47699 (34) 
+ 43-8150 (36) — 48-5849 (37) — 66-9666 (50) + 34-1758 (51) + 32-7908 (55) 
-- 17-9480 (71) — 8-1463 (76) + 26-0943 (78) 

O= — 47-010 — 27-1218 (29) + 33-7414 (31) — 6-6196 (32) + 4:7699 (34) 
+ 27-5878 (35) — 32-3577 (36) — 1-8584 (40) + 10-3287 (42)— 8-4703 (43) 

Oo = — 89-124 + 24-1218 (29) — 75-1583 (30) + 48-0365 (31) + 11-0985 (40) 


= 19+5688 (41) + 8-4703 (43) ~ 5-3016 (49) — 27:4892 (50) + 32°7908 (55) 
Oo = + 48-880 — 2-7642 (29)-+ 11-9877 (30)—9-2235 (33) +23°1725 (41) + 54-0939 (43) 
— 30-9214 (44) + 7-8978 (49) — 42-6529 (55) + 34°7551 (56) 


O = — 122-032 + 2-7642 (29)+39-8441 (32)—42-6083 (33)—48-6486 (34) +0-4365 (35) 
+ 48-2121 (39) + 44-1761 (42) — 54:0939 (43) + 9-9178 (44) 
Oo = — 82-232 + 30-3236 (15) — 47-6210 (16) + 17-2974 (17) # 9°5929 (23) 


— 41-0035 (24) + 31-4106 (25) + 26-3437 (41) — 23-1725 (44) — 3°1712 (47) 
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ALGEBRAICAL EQUATIONS OF CONDITION. 341 


XLV. 0 = + 196-795 — 6-4951 (15) — 52+7217 (17) + 59-2768 (18) + 57-3804 (22) 
— 723734 (23) + 14-9930 (24) + 36-4019 (44) — 79-0842 (45) + 42-6823 (47) 
XLVI. 0 = — 37-887 + 11-9320 (22) — 14:9930 (24) + 3:0610 (25) + 6-7170 (41) 
— 36-4019 (44) + 29-6849 (45) + 6-4606 (49) + 27-3238 (56) — 33-7844 (57) 
XLVI O = + 21-740 + 13:2407 (22) — 30610 (25) — 10-1797 (26) — 30-1878 (28) 
+ 2-9960 (30) + 27-1918 (33) + 10-3190 (55) — 27-3238 (56) + 17-0048 (57) 
— 43-110 — 12-8515 (6)+33-6551 (7)—20-8036 (8)—1-9931 (11) +15-9507 (13) 
— 13-9576 (14) 13-3637 (44) + 36-4019 (45)—23-0382 (46) 
XLIX, © = — 19:349 + 6-0816 (5) — 12-8515 (6) + 6-7699 (8) + 1-7045 (15) — 11-3169 (17) 
+ 96124 (19)+8-9978 (44)— 23-0382 (46) + 14-0404 (47) 
43°770 + 26-2108 (1) — 55-7143 (2) + 29-5035 (3)—14-5864 (4)—23-5003 (5) 
+ 38-0867 (7)+12:9062 (18)— 22-0387 (19)+9-1325 (20) 


ALVITI. os 


L. 


O 
If 
4. 


The logarithmic values of the multipliers are as follow: 


Log I = 0-4283263 — Log XVIII = 9+5706921 — Log XxXXV = 8.5296897 +. 
II = 9-2907821 + XIX = 0-6358501 + XXXVI = 8-8213057 — 
HI = 9-3647971 + XX = 01484740 — XXXVII = $-0291041 — 
IV = 9-1288847 — EXI = 0-3449634 + XXXVIII = 8-3178675 — 
V = 0:6918108 — XXII = 9+5830747 + XXXIX = 8-6176608 — 
VI = 9-8123425 — XXIII = 0-0979125 — XL = 8.0537098 — 
VII = 0-5130646 + XXIV = 0-3270535 — XLI = 9:1080847 + 
VI = 9+7523412 + XXV = 9°5382508 + XLII = 9:0457163 — 
IX = 0-0803963 + XXVI = 9-6299985 + XLIII = 8-5327901 + 
X = 0-2924153 + XXVII = 0-5933206 — XLIV = 8.6082128 + 
XI = 0:3597306 + XXVIII = 0-4159666 + XLV = 8-6011666 — 
XII = 0-0414945 — XXIX = 7°77276397 + XLVI = 8-3134690 + 
XIII = 9:9617855 — XXX = 8-3243628 + XLVI = 7+7165618 +. 
XIV = 0:4727129 + XXKI = 8-9641150 — XLVI = 8-6793920 — 
XV = 0-4883180 + XXXII = 7-3732306 + XLIX = 9-3563810 + 
XVI = 9-9880129 — XXXII = 7-9726905 + L = 8-6128918 + 
XVII = 8-7966825 — XXXIV = 86064233 — 
FIGURE 9. 
Notation. 
vee ee ae ee ee fe ae 
8) DZ (9) D'¥Y (10) DD (11) BY (22) B'D (13) WQ (14) WP 
(15) WoO 10) WA' (17) WC (18) WD (19) WY (20) WD 21) WX 
a8 OW ee OD 24) OX (25) PIV (26) PD +373 PX a PC 
(29) PY (30) QW (31) QD 38 QX (33) QV (34) AV 35) XQ 
an XP (37) XO (38) XW (39) XC (40) XD’ (41) XB’ (42) XD 
(43) XB (44 XC (45) DC (46) DX (47) DQ (48) DP (49) DO 
(50) DW (s1) DO (52) DD’ (53) DB’ (54) DZ (55) DY (56) DA 
(57) DB (58) YB (59) YZ (60) YA (61) PB (62) ZY (63) 2D 
ys ZD tes} ZB (66) AB (67) AD (68) AY oe AD’ (70) AB 
71) V2 (72) VR (73) VQ (74) VP (75) VX (70) VO (77) CF 
(78) CX 0 CD (8) GB (81) BC (82) BX (83) BD (84) BI 
(85) BA . (86) XV tes LV. 
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XXVIII. 
XXTX, 
XXX. 


XXXI. 
XXXII. 
XXXIII. 
XXXIV. 
XXXV. 
XXXVI 
XXXVII. 
XXXVIII. 


MXXIX. 


XL. 


XLI. 
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PRINCIPAL TRIANGULATION. | 


Equations, 
— 08266 — (13) + (14) — (25) + (30) 
— 2:2188 — (13) + (15) — (22) + (30) 


— 02931 — (2) — (15) + (17) + (22) 

+ 08944 + (1) — (6) — (16) + (18) 

+ 29716 + (2) — (6) — (17) + (18) 

+ 0:8860 — (29) + (33) — (73) + (74) 

+ 27166 — (33) — (72) + (73) + (86) 

+ 08381 — (33) — (71) + (73) + (87) 

+ 06801 — (32) + (33) — (34) + (35) — (73) + (75) 
— 0:6700 — (27) + (29) — (34) + (36) — (74) + (5) 
+ 1-8604 — (24) + (32) — (35) + (G7) 

+ 08109 + (13) — (21) — (30) + (32) — (35) + (38) 
+ 09078 + (2) — (4) — (17) + G1) — (38) + (39) 
+ 14709 — (5) + (6) — (18) + (a1) — (38) + (40) 
— 08129 + (6) — (40) — (18) + (20) — (50) + (52) 
+ 06301 + (3) — (12) — (51) + (53) 

+ 3:3889 + (2) — (3) — (17) + (20) — (50) + (51) 


— 01595 — (20) + (21) — (38) + (42) — (46) + (50) 
— 016965 + (13) — (20) — (30) + (31) — (47) + (oe) 
— 15510 + (14) — (20) — (5) + (26) — (48) + (50) 
— 3:9183 + (15) — (20) — (22) + (23) — (49) + (50) 


1-6297 + (34) — (44) — (75) + (76) — (77) + (78) 


+ 1-1807 — (42) + (44) — (45) + (46) — (78) + (79) 
~ 018549 — (42) + (43) + (46) — (57) — (8a) + (83) 
+ 10435 + (45) — (57) — (79) + (80) — (81) + (83) 
— 010792 — (56) + (57) — (66) + (67) — (83) + (85) 
+ 1-7336 — (7) + (10) — (52) + (56) — (67) + (69) 


1-8601 — (60) + (61) — (66) + (68) — (84) + (85) 
+ 3-6860 — (11) + (12) ~ (53) + (57) + (58) — 
+ 29014 — (8) + (10) — (2) + (54) — (63) + (64) 
+ 291660 — (54) + (57) + (59) 


— (61) — (62) + (63) — 


(61) — (83) + (84) 


(83) + (84) 


+ 86-514 —8-5491 (13) +53°1363 (14) — 44-5872 (15) + 22-7623 (22)—22+1428 (25) 
+ 256-266 +92-0671 (2) +44°5872 (13) —9+5767 (15) —35:0105 (17) + 66-8183 (30) 
— 37-816 — 12-9640 (1) — 2:8037 (2) — 23-8550 (16) + 30-4620 (17) —6-6070 (18) 
— 172-984 +19:1159 (6) — 35-0105 (15) + 45485 (17) + 30-4620 (18) + 64:2618 (22) 
— T7O9T — 10-1133 (29)— 10-5926 (33)—17+2894 (72) +28-1519 (73) —10-8625(74) 
— 125°794 + 10:8263 (71)— 28-1519 (72) +17°3256 (73) —42+2273 (86) + 45-2854 (87) 
+. 12-880 + 15-3195 (27)—23-7731 (29) — 22-0890 (32) + 16-9920 (33)-+0-3411 (73) 


— 10-6576 (74) + 10-3165 (75) 


— 14-424 — 9:4295 (24) + 8-4536 (27) — 6-3036 (35) + 29-5363 (36) — 23-2327 (37) 
+ 178-688 + 59-8198 (13)—44:5872 (15) —15:2326 (21) + 22-7623 (22)+9-429% (24) 


-— 16-1613 (35) + 23°2327 (37) — 7-0714 (38) 


— 40-862 — 38-9962 (2) + 14+9845 (4) — 3-9423 (15) + 18-7104 (17) — 14-7682 (21) 


— 71045 (22) + 69188 (24) 








LIT. 


LIV. 
LY. 


LVI. 


LVII, 
LVITII. 


LIX, 


ALGEBRAICAL EQUATIONS OF CONDITION. 343- 


= — 161-422 — 41-7999 (2) + 38-9962 (4) — 23-0286 (5) + 42-1444 (6) — 33:2480 (38) 


+ 57*8209 (39) — 24:5729 (40) 


= — 30933 + 5+9339 (4) + 0:0742 (5) + 5+9887 (39) — 56-0701 (40) + 50-0814 (41) 


+ 10-289 + 5+4954. (30)—20-5422 (31) + 15:0468 (32) +7-0714 (35)— 10-2402 (38) 
+ 3-1688 (42) + 7.0508 (46) — 15-8063 (47) + 8-7555 (50) 

— 36-424 + 9:4959 (25) — 17-8680 (26) 4-8-3721 (27)+ 29-0317 (36)—32-2005 (38) 
+ 3+1688 (42) + 7-0508 (46) — 40-4259 (48) + 33:3751 (50) 

+ 84-091 +9:9777 (22) — 17-0822 (23) + 7:1045 (24) + 37-5971 (37) — 40-7659 (38) 
+ 3-1688 (42) + 7-0508 (46) — 50-6242 (49) + 43-5734 (50) 


= + 72-940 — 8.0455 (23) + 0-1857 (24)-+ 18-1370 (37)—29:6018 (39) + 11-4648 (42) 


— 41515 (46) — 16-3027 (49) + 20-4542 (52) 


— 224196 + 67-1238 (3) — 59-1329 (4) + 74:2389 (5) — 74°3131 (10) — 9-6961 (46) 


4°1515 (51) + 13-8476 (52) 

31-349 + 60463 (10)+1-0156 (12) + 15-0924 (51)—51-6544 (52)-+36-5620 (53) 
45°838 + 624419 (26)—86-2150 (27) +23-7731 (29)-+33°7036 (45) —55'5277 (46) 
21-8241 (48) + 10-6576 (74) — 55.9238 (75) + 45:2662 (76) + 1 8529. (77) 
19-0228 (78) + 17-1699 (79) 

4°037 + 23-7731 (27)—44-7953 (28)-+21-0222 (29)—13+1459 (34) -+5'5172 (36) 
7°6287 (44)—12-9289 (74) + 12-9289 (76)—1-8529 (77) + 18529 (78) 

33°268 + 12-0632 (42)—39:9921 (43) +27-9289 (44)—22-2020 45) +5: ‘4.549 (46) 
16-7471 (57) — 10-6667 (78) — 9+3467 (79) + 20-0134 (80) 
262-090 + 74+3131 (5)+ 24-8557 (7) — 99-1688 (10) +24-3513 (40)—36-4145 (42) 
+ 12-0632 (43) + 27-5623 (66) — 40-1062 (67) + 12:5439 (69) + 21-5503 (82) 
— 32-7681 (83) + 11-2178 (85) | 
+ 38-297 —4-4481 (7) ~ 11-3564.(10) + 154-5060 (52) — 161-0410 (53) + 6-5350 (56) 
+ 8.6918 (67) — 143°3958 (69) + 134*7040 (70) 
+  35:030 — 53°0170(55)+47+5499 (56) +5-4671 (57)—13-7141 (66)-+59-3097 (67) 
— 45°5956 (68) — 36-2134 (83) + 70-2019 (84) — 33-9885 (85) 
— 180-073 + 77-9572 (19)—119-1508 (20) +41°1936 (21) +3-1688 (38) —15-2320 (42) 
+ 12-0632 (43) + 16-0130 (50) — 36-8709 (55) + 20°8579 (57) + 21-5503 (82) 

— 78-6216 (83) + 57-0713 (84) 

+ 118-648 + 4-0131 (6) + 50-9774:(9) — 54-9905 (10) + 16-9746 (18)—78-9188 (19) 
+ 61-9442 (20) — 7-0371 (50) — 13-8652 (52) + 20-9023 (55) 
— 165+330 — 52+2601 (9)+ 54-9905 (10) + 57-8949 (11) — 647737 (12) + 138652 (52) 
+ 18-3845 (53) + 45193 (55) . 
+ 34-104 — 9:4498 (8) + 4-8150 (9) + 4:6348 (10) — 6-3098 (52) + 15+5402 (54) 
— 92304 (55) — 3:4958 (62)—2-6219 (63) +6-1177 (64) | | 
— 50-400 — 0:3648 (8)—11+3564 (10) + 154-5060 (52)—174-9744 (53)-+20-4684.(54) . 
— 71610 (63) — 101+8058 (64) + 108-9668 (65) 


l++ 


+t t 
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The logarithmic values of the multipliers are as follow : 
Log I = 0:9429133 + Log XXI = 0-8926260 + Log XLI = 9-7416345 + 
II = I+3020450 — XXII = 9-9126585 — XLIE = 9-4200602 — 
III = 13153901 — XXIII = 0-2166834 — XLII = 8-4375524 — 
Iv = 7-8832411 — XXIV = 9:9026820 + XLIV = 8-6603569 — 
V = 98965607 + XXV = 02349931 — XLV = 8-8582670 + 
VI = 9:6691458 + XXVI = 9-4912015 — XLVI = 9-4032380 — 
VII = 0+3039591 ~ XXVII = 9:1438476 — XLVII = 8-7921528 + 
VIII = 0-3841409 — XXVIII = 9-2045400 — XLVHT = 9-5123951 — 
1X = 0-6632037 — XXIX = 9-6552321 + XLIX = 9-8066049 + 
X = 0-2514039 + XXX = 9-7901434 — L = 8-0624617 — 
XI = 98082755 + XXXI = 9-9644769 — LE = 7+5163747 + 
XII = 0-7031322 — XXXII = 9-2006317 — LIT = 8-3073570 + 
XIII = 1-2403970 + XXXII = 8-4854758 — LI = 8-3522597 + 
XIV = 1-2211784 — XXXIV = 7-8070612 + LIV = 8-3890863 + 
XV = I1-431I1404 + EXXV = 9°5333186 + LV = 8-3813678 — 
XVI = 0-7971839 —_— XXXVI = 9-1271456 + LVI = 8-4407863 + 
XVII =: I1°-4319170 — XXXVIT = 7°9197421 + LVII = 8-342.2667 -+- 
XVIII = 0:3322506 — XXXVIII = 7-8694077 — LVIIT = 8-7023642 + 
XIX = °9-1765198 — XXXIX = 9-1187768 — LIX = 8+5239753 + 
XX = 9:6358077 — XL = 9:0232369 — LX = 8-4356676 + 
FIGURE Io. 
Notation. 
Dy Dy 'F CF AF 6) BF BH 
8 BG ta} rit 3 ran on FC 3) FA’ 3 FB' 33 FG 
(15) AE’ (16) HB (17) HF 18) HG (19) GH (20) GF (21) GB 
Equations. 
To=— 1-9732 + (1) — (4).— (0) + G2) 
Io= — 05137 + (1) — (5) — Gx0) + 22) 
iro = — 47979 + (1) — (6) — (ro) + (13) 
Ivoz + 4°1475 — (1) + (2) 5S (9) a (10) ue (15) — (17) 
vos — 23080 + (2) — (7) — (15) + (16) 
VIo = — 02322 + (6) — (8) — (13) + (14) — (20) + (23) 
VIO = + 1-4964 + (9) ~ (14) — (17) + (18) — (29) + (20) 

vill o = + 178-619 — 148-8676 (1) + 47-8071 (5) + 26-8616 (10) + 7:9700(12) — 34-8316 (13) 
IX 0 = + 171349 —148-8676 (1) + 81-0836 (4) + 26-8616 (10) — 29689 (11) — 23-8927 (13) 
KO = + 937% + 17-1856 (1) — 75-7595 (3) + 35-8801 (4) 

KIO = + 30-256 — 36-4113 (6) + 45-1760 (7) — 35-7680 (9) + 8-9064 (10) + 26-8616 (13) 
— 1-2565 (15) — 11-5963 (16) + 12-8528 (17) 
XII o = + 114:060 — 188-2737 (1) + 39-4061 (2) — 61-1368 (6) + 24-7255 (8) — 12-8528 (15) 


— 57-2041 (17) + 70-0569 (18) + 16-6399 (19) — 27-1060 (20) + 10-4661 (21) 
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The logarithmic values of the multipliers are as follow: 


Log I = 8-5450020 + Log V = 9:9616757 + Log IX = 8.3590965 i 
II = 0-6249841 — VI = 9:941396I + X = 8-3705973 — 
HI = 0:5226363 + VII = 9:8026935 — XI = 7+3318361 + 
IV = 0:2564729 — VIL = 8-4493316 — XII = 8-1731029 — 
FIGurReE 11. | 
Notation. - 
(1) OW (2) 0'G' © QVQH (4) VG” (5) QB © QA (7) RW 
(8) 2’G’ (9) RA 10) FA tr) N'A (12) G’ VA (14) VE 
(15) VB 16) VE’ oe VC 18) NA (19) NB - NE 21) NVC 
(22) L’'B 23) Lic ee KB (25) KR’C (26) KE (27) KC 38 KB 
‘29 I'C 30) I'B’ (31) AW (32) AT (33) AR’ (34) AQ’ (35) AO’ 
36) AG’ (37) ALF (38) AB (39) AL’ (40) AC (41) AN’ (42) AX’ 


64) (65) BC (66) BL’ (67) BN (68) CV’ (69) CA (70) CB 
71) CD’ (72) CE’ (73) CA’ (74) CO (75) CB’ (76) CK’ (77) CL’ 
78) CN ‘(49) E'V' (80) E'A (81) E'B (82) EK’ (83) BC (84) EN 
85) AC (86) AR’ i309 cc (88) BC, (89) BY (9c) BR 


Equations. 


— 3-7889 ~ (1) + (3) + G5) — G7) 
— 23402 —(1) + (7) + 45) — (46) 
— 4:7456 —~(2) + (4) — (49) + G1) 


4:3220 — (37) + (38) — (55) + (56) — (59) + (62) 

3°5748 — (36) + (38) — (52) + (43) — G9) + (62) 

72454 — (5) + (6) — (34) + (38) — (59) + (0) 
xX x 


o= 
0 = 
IV. om — 97-5260 —(2) + (8) — (48) + (51) 
Vv. om — 16697 ~ (3) + (4) + (47) — (49) 
VI. O = + 2:2907 — (4) st (12) + (49) _ (54) ° 
VII, 0 =e— 0+3159 — (12) + (16) + (54) — (79) 
VII. o = — 2+3205 — (16) + (20) + (79) — (84) 
IX, o = — 1-0618 — (20) + (26) — (82) + (84) 
X, O = — 0-865 — (26) + (28) + (82) — (90) 
XI, O = + 0-2944 — (28) + (30) — (89) + (90) 
XI. oO = — 6-2161 — (10) + (13) + (32) — (43) 
XII, o = — 08422 —(9) + (13) + (33) — (43) 
XIV, O = — 0-6529 — (6) + (13) + (34) — (43) 
XV. o= + 0-8115 — (4) + (6) — (34) + (36) + (49) — (53) 
XVI. oO = — 0.2317 — (36) + (37) + (53) — (56) 
XVI 0 = + 2.8952 — (36) — (39) + (53) — (80) 
XVII, © = — 3.4464 + (11) — (13) — (42) + (43) 
XIX, 0 = — 1-1644 — (13) + (18) — (41) + (43) 
XX O= 
o= 


+++ | 
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XXIII. 
XXIV. 
XXV. 
XXVIL 
XXVIL 
XXVIII. 
XXIX. 
XXX. 


XXXII, 


XXXIT, 
XXXITTI. 


SAXIV. 
AXXYV, 
AXXVI, 
XXXVI. 
XXXVI. 


XXXIX. 


XL. 


LI. 


LII. 


Huon tpl puad ana : 


0000000°0Q000000 0 


PRINCIPAL TRIANGULATION. ' 


(38) + (41) + (59) — (67). 
+ +7139 — (19) + (20) — (64) + (67) + (81) — (84) 
— 0-2186 + (58) — (63) + (64) — (81) 
+ 3°3798 — (19) + (22) — (66) + (67) 
— 0:0256 — (a1) + (25) — (76) + (78) 
+ +5007 — (21) + (23) — (77) + (78) 
— 11339 — (17) + (21) + (68) — (8) 
— 015902 — (18) + (21) — (40) + (41) + (69) — (78) 
+ 3:0432 — (19) + (21) — (65) + (67) + (70) — (78) 
+ 0+5341 + (57) — (71) + (72) — (83) 
— 3+3487 — (64) + (65) — (70) + (72) + (81) — (83) 
+ 0:9520 — (72) + (73) — (83) — (85) 
+ 24789 — (72) + (74) + (83) — (87) 
+ 07263 — (25) + (28) — (75) + (76) + (88) — (90) 
— 39:268 + 5+4670 (3)—10-5117 (7)—1-3799 (45) — 13:2726 (46) — 14-6525 (47) 
— 93°744 + 18-0535 (1) — 20-0643 (2)+14-6525 (45)—5:0240 (47) + 6-4281 (49) 
— 28-3275 (51) | 
+ 214-431 + 20-0643 (2) + 25-2446 (12) — 40: 3708 (49) + 28- 3275 (51) 
+ 12-0433 (54) 


— 6-1170 — (18) + (19) — 


== — 283-414 — 35-2440 (8) + (95-2446 (14) — 239-4933 G48) + 297-4500 (49) 


+ 12-0433 (54) 

+ 208-252 + 19-5631 (2) — 27427 (4) + 43-6886 (49) — 153-1148 (50) 
+ 109-4262 (51) | 

+ 6-053 + 53-3125 (3) — 57-0478 (4)— 40-7074 cos 15°4628 (16)—9-6285 (47) 
+ 16-3990 (79) 

+ 58-713 + 80-4248 (12) — 106. 3938 (14) + 25-9690 (16) — 18-4182 (54) 
+ 44440 (79) 

+ 22503 + 3°7353 (4) — 06253 (20) + 12. 0433 (49) — 17-9987 (54) 
— 55°8222 (79) + 39-4232 (84) 

4- 126-022 + 12-0617 (16) + 1-4871 (26) + 39 "4232 (99) - aie 19-3920 (82) 
— 76-8198 (84) 

— 150-357 + 15-4628 (12) — 27-5245 (16) ~ 9g-3455 (oy 13-4873 (26) 
+ 5°9554 (54) — 42-1716 (82) + 56-9619 (86) 

1224885 + 36-4029 (26) + 306.5869 (27) a as 9898 2) + 6 "1938 (82) 
— 420-6563 (86) + 342-9898 (go) 

— 198-377 + 36-4029 (26) — go. 8323 G7) + 63: 4294. (28)--+ 6+ 1932 (82) 
+ 3°7795 (9°) 

— 89-269 +9+9708 (20)+.1-0373 (30)— — 34" a (82)+37- "3906 4) me sesith (86) 
+ 84-2319 (89) — 78-2163 (go) 

+ 301-189 + 66-0709 (27) -— 83° mat (28) — 74 3538 (29) r a 5306 (30) 
— 14202 (89) — 3-7795 (90) ~ 

— 340-518 — 30: 1218 2) + “= S115 (13) = id ea (32) -+- 60-9992 
saa 999% (33) 
— 56:476 — —_ (9) + 18-9374 (73) — 133-3470 (33) + 133-6053 ° (34) 
— 1+2583 (43) ~ 





LXXII. 
LXXUT, 
LXXIV. 


LAXY. 


o oOo oO 
ll ll If 


Oo 
lt oi 


O 
| 


Oo 
il 


fe) 
i 


Does oe 


O 
it 


. © 


= + 
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31+550 + 23-8899 (4) — 503138 (6) — 146-1049 (12) + 127-1675 (13) 


ALGEBRAICAL EQUATIONS OF CONDITION. 


+ 76569 (49) + 114-4511 (53) — 122-1080 (54) 


of. 


+ 
-- 
~f- 


b+ letitese 


ae, 


-13+3915 (65) — 


124-360 + 53+3125 (3) — 77-2024 (4) + 23-8899 (6) + 8-2542 (34) — 8-7331 (36) 
0°4789 (39) — 9-6285 (47) + 41-5403 (80) 

81-995 + 26-6051 (13) — 20-6851 (16) — 43-2377 (18) + 14-4733 (20) 
44-7280 (79) + 29-0426 (80) + 15-6854 (84) 

98-855 — 22:9262 (53) + 45°7226 (56) — 25-6010 (80) 

457-670 — 76-2467 (11) + 28-7644 (18) + 26-8599 (41) — 94-3695 (42) 
67-5096 (43) 

(93°256 — 12-1474 (9) — 5-0560 (z0) — 20-2588 (32) + 4o: page (33) 
19-9400 (35) 

164:571 + 33+3764 (10) + 3/0206 (13) + 148-6583 (31) — 135-0126 (32) 
13-6457 (43) 

14:845 + 1-8940 (10) + 19-8063 (13) — 27-8251 (32) — 38-2975 (43) 
66-1226 (44) 

205-654 + 23-8899 (4)— 108-1228 (5)-+ 84-2329 (6) + 7-6569 (49) + 16-4962 (52) 
24°1531 (53) + 66-6717 (59) — 91-1524 (60) + 24-4807 (61) 


‘I14-293 — 16-4962 (52) + 29-3458 (53) + 22:3507 (55) — 59-2887 (56) 


20-1020 (59) — 24-4807 (61) + 43787 (62) 

16-183 — 6-4472 (55) + 16-9957 (58) + 27:9276 (61) — 27-3867 (62) 
05409 (63) 

106-861 — 67-4498 (52) + 41-0588 (58) — 44:5715 (81) 

279°746 + 28-8707 (18)—88-6853 (19) + 59-8146 (20)-+0-9631 (36)—7-5991 (38) 
6-6360 (41) — 111-4459 (52) + 16-4962 (53) — 59°9957 (81) + 14-5615 (84) 
346-091 — 57-6216 (19) + 59:8146 (20) + 63-7353 (24) — 53°7174 (26) 


12-6139 (81) — 1-9476 (82) + 14+5615 (84) 

108-721 + 30-1110 (13) — 37-4683 (15) — 28-8707 (18) + 22-1543 (19) 
14+5505 (38) — 6-6360 (41) — 7-9145 (43) 

162-044 — 34-5062 (15) “+ 0-3389 (22) + 44:5241 (24) — 105-3177 (66) 
105-3177 (67) 

28-069 + 9-9079 (23) + 5:3751 (25) + 19-9345 (76) — 88-8925 (77) 
68-9580 (78) 

124:242 + 20-8045 (17) + 5:3751 (25) + 28-9265 (68) + 19-9345 (76) 
48-8610 (78) 

83-891 + 59200 (13) + 20: 8045 (17) — 19-6645 (40) + 46-5244 (41) 
26-8599 (43) + 28-9265 (68) — 7-3973 (69) — 21-5292 (78) 


131-676 — 11-0067 (18) + 42-6061 (19) — 31-5994 (21) — 44-0454 (38) 


63-7099 (40) — 19-6645 (41) + 11-7302 (59) — 30:8674 (65)-+ 19-1372 (67) 


190-952 — 42-6061 (19) + 173-8684 (20) — 131-2623 (21) — 13-3915 (64) 


32-5287 (65) — 19+1372 (67) — 8-4685 (81) — 84-5370 (83) + 93-0055 (84) 
142-805 +- 105+1237 (57) — 24:0631 (58) — 16-9529 (63) + 39-3444 (64) 
15-0927 (70) + 91-7121 (71) —76-6194 (72) 

88-162 + 105-1297 (57) + gt-71a1 (71) — 118-4205 (72) + 26-7084 (73) 


+ 42-1043 (85) 


Ss 
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LXXVI. O = + 23-320 + 16-2036 (72) — 83-4013 (73) + 67-1977 (74) — 00869 (83) 
— 22-1762 (85) : 
LEXVIL 0 = — 146-964 + 103-2693 (25) ~ 116-0757 (26) + 12-8064 (28) — 70-5122 (82) 


+ 80-4119 (83) — 45-6179 (85) — 34-9047 (88) + 25-8911 (90) 


The logarithmic values of the multipliers are as follow: 


Log I = 0-4049316 + Log XXVII = 0-0786685 — Log Lit = 7-9440604. — 
II = 0-1230085 — XXVIII = 0-1292990 — LIV = 9-5038224 -+- 
HI = 0-7751602 — XXIX = 9-6347616 + LV = 8-9827049 — 
IV = 0-:0175138 + XXX = 0-5144541 + LVI = 8-5158238 -+- 
V = 0-9169162 + XXXI = 0+-4857572 + LVII = 8-7782869 — 
VI = 0-9854319 — XXXII = 0:3307567 — LVI = 8-3986277 — 
VIL = 0°5941234 + XXXIII = 0-8838135 + LIX = 8-3922868 — 
VIII = 0°3620531 + XXXIV = 9-9800827 + LX = 8-4648323 — 
IX = 0°6474205 + XXXV = 0-2288640 — LXI = 7+-7636915 — 
X = 1-0664646 + XXXVI = 9°7452712 — LXII = 9-0999248 + 
XI = 0-8815449 + XXXVII = 8-6789671 + LXIII = 8-9979099 + 
XII = 0-4780612 — XXXVI = 8-7526070 — LXIV = 9+5268476 — 
XIII = 9°5334272 + XXXIX = 9-5502138 — LXV = 9:2421950 ++ 
XIV = 9°7412979 + XL = 7-8519911 + LXVI = 8-6896373 — 
XV = 9-830I1911 — XLI = 7-7049428 + — «LXVIT = 9-6365472 + 
XVI = 0-2486421 — XLII = 9-3548562 — LXVIII = 8-6536908 + 
XVII = 0:3949979 — XLII = 8-4316460 + LXIX = 8-2379592 + 
XVIII = 9-8336016 — XLIV = 9-2486009 — LAX = 9°5105440 — 
XIX = 10236208 + XLV = 8-6272466 — LXXI = 9-4006849 + 
XX = 0-3205971 + XLVI = 9+5963568 + LXXIL = 9-0855183 + 
XXI = 9-8532763 + XLVII = 86144258 + LXXIL = 8-3155085 + 
XXIT = 98235858 — XLVI = 9+1275357 + LXXIV = 9-0441124 — 
XXIII = 9-7175043 + XLIX = 9-1037383 + LXXV = 9-1010576 + 
XXIV = 0:6345447 — L = 8-6651646 — LXXVI = 8-5529661 + 
XXV = 0-7420813 + LI = 8-9619154 + LXXVII = 8-2204089 + 
XXVI = 0°6439164 — LIT = 8-0261834 — 
FIGURE 12. 
Notation. = 
(1) BD . (2) BE (3) Ba 4) BC AB 6) AD. (7) AE 
(8) AK (9) AF (10) FN bs FG. (3 FA 3} FE (24) FK 
15) FH ee EK (17) EH (318) EF (19) EA (20) EB (21) ED 
22) DK. (23) DH (24) DE ee DA’ (26) DB. (27) DC (28) DL 
29) CL (30) CK (31) CD (32) CB (33) LQ (34) LK (35) LD 
36) LC ok KO (38) KN (39) KA (40) KF (41) KA’ (42) KE 
43) ID 44) KC (45) KEL (46) KM (47) MO (48) MIN | (40) AMET 
(50) AUK (51) Me (52) MQ (53) QW (54) QP (55) Qa. (56) QL 
(57) PO (58) PN (59) PK - (60) PQ (61) HO (62) HN té3 HG 
(64) HF Sh HE a HK (67) HM (68) GF (69) GH: : (70). GN 
71) NG (72) NE (73) MH (74) NK (75) NP (76) NQ. (77) NO 
8) ON (79) Of (80) OK (81) OM 





aia 





XXVI. 


AXVII, 


XXVIII. 


XAXIX, 


XXX, 


XXXI. 


XXXII, 


oro Ea © FE © IE © 2 © DE o EE © HEE © EEE © EE © TE © UE © EE © © EE © TE © EE © EE © EE © EE © EE © EO EL © EEL) 


(|| || | || | | | 


I 
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Equations. 


— 243951 —(2)+(3)—(€5) + (7) — G9) + (20) 

+ 00074 —(1)+(3)—(5) + (6) — (5) + (26) 

— 02203 — (6) + (7) — (19) + (21) — (24) + (5) 

+ 1-7918 —(7) + (9) — (42) + (13) — (18) + (19) 

— 29055 — (13) + (14) — (16) + (18) — (4o) + (42) 

+ 0-1559 — (8) + (9) — (12) + (14) — Go) + G1) 

— 0:9176 — (6) + (8) — (22) + (25) — (41) + (3) 

+ 0-1209 + (1) — (4) — (26) + (27) — (31) + (32) 

+ 1+9227 + (22) — (27) — (30) + (31) — (43) + (44) 

— 0-2522 — (27) + (28) — (29) + (31) — (35) + (36) 

+ 05640 + (22) — (28) — (34) + (35) — (43) + (45) 

— 53237 — (14) + (15) — (39) + Go) — (64) + (66) 

— 1-7055 — (13) + (15) — (17) + (18) — (64) + (65) 

+ 3°7027 + (39) — (46) — (49) + (50) — (66) + (67) 

+ 0-7918 + (10) — (14) — (38) + (40) — (72) + (74) 

+ 5°7245 + (10) — (15) — (62) + (64) — (72) + (73) 

+ 7-8303 + (11) — (15) — (63) + (64) — (68) + (69) 

+ 2-7628 — (62) + (63) — (69) + (70) — (71) + (73) 

+ 1-0890 + (37) — (46) — (47) + Go) — (79) + (80) 

— 6-6946 — (47) + (49) + (61) — (67) — (78) + (80) 

— 4:5944 — (37) + (38) — (74) + (76) — (77) + (79) 

— 28493 + (38) — (46) + (50) — (52) — ($3) + (55) — (74) + (82) 
— 06668 — (33) + (34) — (45) + (46) — (50) + (52) — (55) + (56) 
— 44765 — (53) + (54) + (58) — (60) — (75) + (81) 

+ 20-290 + 7-6602 (1) ~ 12-4659 (2) + 4°8057 (3) + 27-0097 (19) — 9+1647 (20) 
— 17-8450 (21) + 22-8259 (24) — 33-6137 (25) + 10-7878 (26) 


= + 1-315 + 33°5344 (7) — 71-6484 (8) + 38-1140 (9) + 43369 (16) — 19-3414 (18) 


+ 15-0045 (19) + 40-5079 (40) — 57-2132 (41) + 16-7053 (42) 

+ 168-503 + 120-6336 (6)—170-7849 (7) + 50-1513 (8)-+2-5213 (16)+ 17-8450 (19) 
— 20-3663 (21) + 17-8978 (41) — 63-7826 (42) + 45-8848 (43) 

— 81-862 — 27-5133 (1) + 7-6602 (3) + 19-8531 (4) + 19-5514(5) — 69-7027 (6) 
+ 50-1513 (8)+45-3601 (30)—53-6350 (31) +8-2749 (32) +17-8978 (41) 

— 538688 (43) + 35-9710 (44) 

+ 39°841 +11-4089 (29)—45-3601 (30)-+ 33-9512 (31) +20-4007 (34)—25+3972 (35) 
+ 4-9971 (36) + 19-0055 (43) — 35-9710 (44) + 16-9655 (45) 

— 111-986 + 43369 (16)—17-4493 (17)+13-1124 (18) + 10-6348 (39)—27-3401 (40) 
+ 16+7053 (42) + 19-0282 (64) — 22-7336 (65) + 3-7054 (66) 

— 406-622 ~— 2-5213 (16) — 111-2679 (17) + 113-7892 (21) — 40:0664 (22) 
+ 165-9896 (23) — 125-9232 (24) — 20-4024 (39) + 63-7826 (42) — 43-3802 (43) 
+ 272-770 — 37-0602 (16)-+ 39-5815 (17) — 25213 (21)—12-4635 (22)-+9-8616 (24) 
+ 2-6019 (28) — 20-4001 (34) + 20-4001 (35) — 79-0931 (45) + 790931 (46) 
+ 14:1217 (49) — 93-7734 (50) + 79:6517 (51) + 27-7259 (65) — 736155 (66) 
+ 45-8897 (67) 


‘ 


“380 PRINCIPAL TRIANGULATION. 


XXXII, oO = + 163-181 —3-9556 (38)+ 10-6348 (39)—6-6792 (40)—26-8039 (62)+23-0985 (64) 
+ 3°7054 (66)—25-3861 (72)+41-4660 (73)—16-0799 (74) 
RXXIV. 0 = — 145:920—64-9881 (38)—3-4117 (39)+68-3998 (46)+ 40-8835 (48) + 21-5364 (49) 
— 62-4199 (50)+ 12-3885 (62)+45-8897 (66)— 58-2782 (67) 
RXKV. 0 = — 268-120+106-0244(10)—45-5978(11)—60-4266(15)—11-6663 (68) +24+2082 (69) 
— 12+5419 (70)—6-3813 (71) +41-4660 (72)— 35-0847 (73) 
XXXVI. 0 = — 79:942— 7:3240 (37) — 3°4117 (39) + 10-7357 (46) — 3-2511 (61) +45: 8897 (66) 
— 42-6386 (67) -+21-2888 (78)—71-1121 (79) +49-8233 (80) 
XXXVI. 0 = — 1+173-+13-8963 (61)—23-4916 (62)+9-5953 (66)+43-7269 (73)—33-1353 (74) 


— 10-5916 (76)+17-0083 (77)—39-2835 (78) +.22-2752 (79) 
XXXVI 0 = + 26-365 + 64-9881 (38) + 84-1048 (45) — 149-0929 (46) — 110-1809 (48) 
+ 141-5130 (50) — 129-9698 (51) + 98-6377 (52) + 63-5602 (53) — 123-1973 (55) 
+ 59-6371 (56) 
XXKIX, 0 = + 0-270+97-1730 (37)—97-1730 (38)—55-3449 (87)-+ 74-2092 (58)—18-8643 (59) 
+ 23-6289 (74) — 28-8578 (75) + 5:2289 (76) — 17-0083 (77) + 17-0083 (79) 
XL. 0 = — 27-426 + 2-5682 (38) — 2-5682 (46) — 0-5423 (48) — 4-3549 (50) + 48972 (52) 
— 127-6730 (53) + 143-4722 (54) — 15-7992 (55) + 58-4513 (58) + 18-8643 (59) 
— 77+3156 (60) — 23-6289 (74) + 23-6289 (75) 


The logarithmic values of the multipliers are as follow: 


Log 1 = 0-2248932 + Log XIV = 0-7390302 + Log XXVIII = 8-4348489 + 
II = 8-9688680 — XV = 0-3849114 — EXIX = 8-5408173 + 
III = 0:6215364 — XVI = 0°3282291 + XXX = 8-8396196 + 
IV = 9°5618712 — XVII = 03715612 — XXXI = 8-0678869 + 
V = 9:62244963 — XVIII = 9-9056930 — XXXII = 8-6175089 + 
VI = 9:9239776 + XIX = 0-3922171 — XXXIII = 8-6965003 + 
VIE = 9+7742029 + XX = 0-6385232 + XXXIV = 8-8072679 + 

VIlI = 9°7319780 — xxi = 9°8617436 i XXXV = 8-8324203 + 
IX = 9:9275444 — XXIT = 0°3 4004.30 +. XXXVI = 5°1503729 — 
X = 9-5821022 + - EXIT = 9+5855898 + XXEVII = 8-6767298 — 
XI = 9-7385247 + XXIV = 9:9624003 + XXXVIII = 8-2983058 + 
XII = 0-7721137 + XXV = 9-0530143 — XXXIX = 8-1713874 + 

KIL = 9:2221213 — XXVI == 761879906 4 X~L = 7-9164417 — 


XXVIII = 82002517 —s 





ALGEBRAICAL EQUATIONS OF CONDITION. 


FIGURE 13. 





350. 


19+5199 (25) 


18) GK +2) GF ee GD' 
‘ 25) JD’ 26) FE’ 27) KM 
a. (30) KA’ (31) KB' 3 KF (33) KD’ pa) KG 
(37) LR (38) LS 39) LO (40) LP 41) LA 
LD’ (44) LG 4°) LH (46) MN (47) MQ (48) MR 
MO (51) MP 8 ML ee MK (54) ALD' m MG 
RQ (98) RP (39) RS (60) RO (61) RL 62) RM 
SR (65) SQ (66) SP 67) SO (68) SZ 69) SM 
we che OS 78 OP 74) OK £553 OL e OM 
Q (79) PE (80) PL 81) PA 82) PO 83) PS 
BiG (86) BQ (87) BK (88) CH 
Equations. 
Oo = — 1-9343 — (4) + (10) — (30) + (33) 
O= + 49821 —(5) + (9) — (24) + (25) 
o = — 7:0598 ~ (9) + (10) — (23) + (24) — (30) + (32) 
O = + 6-go4r — (18) + (19) — (22) + (23) — (32) + (34) 
O= + 2-9969 —(2) + (4) — (18) + (20) — (33) + (34) 
O= — 32119 + (2) —(7) — (20) + (21) 
O= + 0-7633 + (5) — (8) — (25) + (26) 
O = + 0-4588 — (10) + (11) — (28) + (30) — (41) + (42) 
o= — 17-9885 + (1) — (6) — (16) + (17) 
oO = + 2.0244 — (6) + (7) — (14) + (17) + (18) — (21) 4+ (28)— (34)— (42)+ (45) 
O = — 3:0395 — (13) + (14) + (35) — (45) — (52) + (56) 
o = + 08635 ~ (1) + (3) — (13) + (16) — (54) + (56) - 
o = — 1-6807 — (3) + (4) + (7) — (33) — (53) + (54) 
o = + 4:7459 — (35) + (39) — (50) + (2) — (75) + (9) 
Oo = + 5:5356 — (27) + (29) — (50) + (53) — (74) + (79) 
O = — 5:3301 — (48) + (50) — (60) + (62) + (71) — (76) 
o = — 7-7811 — (37) + (39) — (60) + (61) + (71) — (75) 
o = — 26250 — (38) + (39) — (67) + (68) + (72) — (75) 
Oo = — 5:0651 — (49) + (50) — (67) — (69) + (72) — (76) 
Oo = + 0-3756 — (59) + (60) + (64) — (67) — (71) + (72) 
Oo = + 7-:0660 — (58) + (60) — (71) + (73) — (82) + (84) 
O = + 94772 — (65) + (67) — (72) + (73) — (82) + (83) 
Oo = + 3-9404 — (35) + (40) — (51) + (52) — (80) + (81) 
Oo = + 29-1228 — (48) + (51) — (58) + (62) — (81) + (84) 
O = — 3-4642 + (10) — (30) + (31) — (87) 
© = + 48-039 + 6-5930 (4) — 8-8931 (5) + 29-7044(23) — IO 1845 loti 
+ 16-6427 (30) — 61-1104 (32) + 44-4677 (33) 
O = + 95-259 + 55-7925 (2) — 218-2243 (4) + 162-4318 (5) + 0-L009 (18) — 18-4440 (19) 
+. 18-3431 (20) + 156-8638 (32) — 189-9146 (33) + 33-0508 (34) — 
O = + 90:473 — 13-8485 (2) + 4-7288(5) + 4.3687 (19) — 37° ‘4525 (20) + 33-0898 (21) 


+ 5°3031 (22) + 30-6102 (25) — 35-9133 (26) ~ 
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XXIX. 


XXX, 


XXXII. 


XXXII. 


XXXTIT. 


XXXIV, 


XXXYV. 


XXXVI. 


XXXVII. 


XXXVIII. 


XXXIX, 


XL. 


XLI, 


XLII. 


XLITI. 


XLIV. 


XLV. 


XLVI. 


XLVI. 


XLVIII. 


~XLIX, 


O 
ll 


O 
Ii 


oS 


PRINCIPAL TRIANGULATION. 


+ 463°519 — 8-8931(5) + 6-2784 (11) + 29-7044.(23)— 10-1845 (24)— 19°5199 (25) 
+ 65-0388 (28) — 3-9284 (30) — 61-1104 (32) + 16-6302 (41) — 73-4728 (42) 
+ 56-8426 (43) 

+ 1211-817 + 71-9244 (9) — 691-0395 (10) + 619-1151 (11) — O-r009 (18) 
+ 0-1009 (19) + 13-2709 (22) + 16-4335 (23)— 29-7044 (24) + 158-5989 (28) 
— 158-5989 (34) + 73°4728 (41) — 275-2221 (42) + 201-7493 (44) 

+ 235-339 + 64-0824 (1) — 50-2339 (2) — 40-0147 (6) + 38+5450(7) — 10-4369 (15) 
“+ 19-1855 (16) — 8-7486 (17) | 

— 62-051 — 40-0147 (6) + 83-4598 (7) — 43-4451 (8) — 15-6295 (14) + 24-3781 (15) 
— 8-7486 (17) + 18-5740 (22) — 13-2709 (23) — 5-3031 (26) + 31-7240 (28) 
— 33-0508 (32) + 1+3268 (34) — 43-1504 (42) + 84-5374 (44) — 41-3870 (45), 

— 91-531 — 9-7866 (13) + 15-6295 (14) — 5:8429 (15) + 9-2067 (35) — 50-5937 (44) 
+ 41-3870 (45) — 14-9694 (52) + 56-1167 (55) — 41-1473 (56) 

+ 215-523 + 39-2393 (1) — 39-2393 (3) + 32-9617 (14) — 32-9617 (16)-+ 1-23 11 (35) 
+ 530422 (43) — 542733 (45) + 3:0762 (52) — 25-9526 (54) + 22-8764 (56) 

— 126-550 + 15-1254 (27) — 31-7240 (28) + 16-5986 (34) — 9-2067 (35) 
+ 43-1504 (42) — 33-9437 (44) + 14-9694 (52) — 30-1239 (53) + 15-1545 (55) 

— 173:874 — 10-9789 (27) — 55°6171 (28) — 44-6382 (29) + 4:0539 (35) 
+ 20-7105 (39) — 24-7644 (42) — 183-0077 (74) + 200-6476 (75) — 17-6399 (76) 
— 438-043 + 67-5249 (12) — 169:5768 (13) + 102-0519 (14) — 21-9416 (35) 
+ 20-7105 (39) + 12311 (45) — 11-2458 (46) — 11-5990 (50) + 22-8448 (56) 
+ 200-6476 (75) — 237-5208 (76) + 36-8732 (77) 

— 123-443 — 20.7105 (35) + 257°335° (37) — 236.6245 (39) — 210-4532 (48) 
+ 193-6823 (50) + 16-7709 (52) — 4:6032 (60) + 28-3740 (61) — 23-7708 (62) 

+ 210-583 + 64799 (46) — 33°7504 (48) + 27-2705 (50) + 12-1622 (60) 
— 63-0936 (62) + 50-9314 (63) — 7:3623 (71) + 48-4722 (76) — 41-1099 (77) 

— 912-923 + 20-7105 (35) — 447°6529 (38) + 426-9424 (39) + 351-5191 (49) 
— 334-4482 (50) — 16-7709 (52) + 6-9854 (67) ~ 37-6689 (68) — 30-6835 (69) | 
— 150-432 + 210-4532 (48) — 351°5191 (49) + 141-0659 (50) + 561897 (59) 
— 49-9605 (60) + 23-7708 (62) — 36-6129 (64) + 67-2964 (67) — 30:6835 (69) 
35-973 + 35122 (59) — 12-1622 (60) + 8-6500 (63) — 2-1378 (64) + 15-1296 (67) 
12.9918 (70) + 7:3623 (71) — 11-4956 (72) + 4-1333 (77) 

684-435 + 394800 (48) — 210-4532 (50) + 170-9732 (51) — 7-3093 (71) 
12+1554(73) + 19-4647 (76) + 2-0536 (81) — 6-4442 (82) + 4-3906 (84) 

+ 437:447 + 70°5432 (37) — 257-3350 (39) + 186-7918 (40) — 11-8472 (71) 
— 12°1554 (73) + 24-0026 (75) -+ 0-c099 (80) — 6-44.42 (82) + 6-4343 (84) 

+ 86-160 — 19-6222 (58) + 56-1897 (59) — 36-5675 (60) — 36-6129 (64) 
+ 7:7836 (66) + 28-8293 (67) — 5.8843 (82) + 12-3285 (83) — 6-4442 (84) 

+ 1339°052 + 687-6802 (39) — 707-9681 (40) + 20-2879 (42) + 746-1758 (73) 
— 684+1290(74) — 62-0468 (75) + 548-7606 (79) + 195-4357 (80) — 744-1963 (82) 
— 10-33% — 11-1342 (57) — 2.5757 (58) + 13-9099 (59) — 31-1624 (64) 
+ 25+0673 (65) + 6-0951 (66) — 17-3025 (78) — 25-5347 (83) + 42-8372 (84) 

+ 34979 — 199-3356 (36) + 186-7918 (37) + 12-5438 (40) + 11-1758 (57) 
— 13-5393 (58) + 2-3635 (61) — 0-2804 (78) — 13-4711 (80) + 13-7515 (84) 

— 26:540 — 174-2768 (47) + 170-9732 (48) + 3-3036 (51) + 11-1758 (57) 
— 11-7085 (58) + 05327 (62) — 2.5751 (78) — 11-1764 (81) + 13-7515 (84) 
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ALGEBRAICAL EQUATIONS OF CONDITION. 


The logarithmic values of the multipliers are as follow : 


Log I = 0-3357402 + 
II = 0:6680586 — 
III = 09028661 — 
IV = 9°7571802 — 
V = 0°5552083 — 
VI = 0+3087398 + 
VII = 0°8361258 — 
VIII = 0-0491172 + 
IX = 0:6456229 + 
X = 0:5568856 — 
‘XI = 0-1802842 + 
XH = 0-1082335 — 
XIII = 0:0125374 +. 
XIV = 0-4279482 + 
XV = 8-9395886 — 
XVI = 9-8742507 + 
XVII = 0-2832146 + 
XVIII = 0-1413915 — 
(1) FK (2) FD (3) 
(8) HD (9) HE (10) 
(15) KF on KH (17) 
62? DH 23) DK (24) 
290) EH (30) CK (31) 
(36) CH ae BH (38) 
(43) AE (44) AD (45) 
iL os 
Il O = 
i oO: 
LV;,. ‘O-== 
Y om 


Log XIX = 0-3942867 + 
XX = 0-5510484 — 
XXI = 0-4911574 + 
XXII = 0-2419524 — 
XXIII = 0-6225395 — 
XXIV = 0-2623455 — 
XXV = 0-7412896 + 
XXVI = 9-5784364 — 
XXVIII = 8-7449783 — 


XXVIII = 9-2606399 
XXIX = 8-9430367 
XXX = 7-6568g01 
XXXI = 84468962 


-{- 


XXXII = 8-6932485 + 
XXXII = 7-5813175 — 
XXXIV = 9-0902871 — 
XXXV = 9-0048053 + 
XXXVI = 8-1400947 + 


FE 
TC 
DA 
EK 
CE 
BF 
AB 


FIGURE 14. 


Notation. 


Equations. 


— 4:9488 + (1) — (6) — (7) + (11) — (15) + (16) 
— 08530 + (3) — (6) — (9) + (11) — (28) + (9) 
+ 2-9816 — (1) + (2) — (13) + (15) — (21) + @3) 
— 2:6356 — (7) + (8) — (13) + (16) — (22) + (3) 
TF 0+2722 — (2) + (3) — (19) + (21) + (25) — (28) 


Yy 


Log XXxXVII 
XXXVIII 
XXXIX 
XL 

XLI 
XLII 
XLII 
XLIV 
XLV 
XLV 
XLVII 
XLVIII 
XLIX 

L 

LI 

LI 

LIIL 


bt 


Yuu nn dd 


7°7919375 
7°7%95917 
7°8504249 
7-8368841 
6-6197910 
86629859 
8+2.237804. 
8-0013494 + 
8-7777939 
7+4686291 


= 8-4151247 — 


a. 


6-6266218 — 
7*1903675 + 
8+-8289200 + 
9°0049788 + 
8-5614607 — 
78838826 — 


LIV = 98558511 — 


FB (6) FH 
HB (13) AD 
DE (20) DB 
EC (27) EB 
CA (34) CB 
BD (41) BA 
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— 112-664 + 6-5930 (4) + 39:7285 (30)—84-1962 (31) + 444677 (33)—45°7964-(87) 
+ 542-459 — 8-8931 (5) — 39°6297 (9) + 19:5199 (24)— 19-5199 (25) + 80-8336 (86) 
— 81-473 — 27-4199 (7) + 15-4634 (8) — 43687 (19) + 4-3687 (21) — 5:3031 (22) 
+ 53031 (26) + 71-3477 (85) — 45-2226 (86) 

+ 33°544 — 29-8555 (6) + 15-6761 (16) — 15-6761 (17) + 110-4537 (88) 
+ 244-094 — 20-5791 (5) + 8-8215 (8) + 26-3305 (86) 
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PRINCIPAL TRIANGULATION. 


3:6662 —(3) + (4) — (26) + (28) + (31) — (35) 

21007 — (2) + (4) — (18) + (21) + (32) — (35) 

2-3401 — (8) + (10) — (18) + (22) + (32) — (36) 

2-3464 — (8) + (12) — (20) + (22) — (37) + (40) | 

0-3093 — (2) + (5) — (20) + (21) — (38) + (40) 

0-0672 — (13) + (14) — (20) + (23) — (39) + (40) 

0-9802 — (17) + (20) — (40) + (41) + (44) — (45) 

0-7477 — (17) + (18) — (32) + (33) — (42) + (44) 

48-952 -+ 20-3640 (1) — 11-3552 (3) — 9-0088 (6) — 13-7879 (7) + 16-3964 (9) 
2,-6085 (11) — 9-74.00 (24) — 6:2830 (28) + 16-0230 (29) 

15-489 — 3-1691 (1) + 14-5243 (2) — 11-3552 (3) + 3°1382 (19) + 7-9194 (21) 
11-0576 (23) + 13-4241 (24) — 7-I411 (25) — 6-2830 (28) 

81-658 + 23-5331 (1) — 14-5243 (2) — 90088 (6) — 17-9620 (7) + 20-5705 (8) 
26085 (11) — 7:9194.(21) + 18-3712 (22) — 10-4518 (23) 

95°186 — 20-7284 (1) + 14+5243 (2) + 6-2041 (4) + 11-1171 (18) + 7 9194 (21) 
19-0365 (23) + 50-6538 (30) — 29°8373 (32) — 20-8165 (35) —~ 

52° -118 + 3-7618 (2) — 17-0400 (4) + 13-2782 (6) — 4.2129 (8) + 31-8814 (10) 
27-6685 (11) — 1-1119 (32) — 3°5098 (35) + 4-6217 (36) 

96-004 — 174-8918 (2) + 191-9318 (3) — 17-0400 (4) + 74-4236 (25) 
44°7413 (26) — 29-6823 (28) + 205-6716 (31) — 202-1618 (32) — 3-5098 (35) 
123-427 — 20-8705 (7) + 26-9188 (8) — 6-3483 (12) — 14-7138 (13) 
16-3940 (14) ~ 1-6802 (16) — 13+2630 (37) + 36-4321 (39) — 23-1691 (40) 
9-395 — 14-8243 (1) + 36595 (2) + 10-8648 (5) — 31-7669 (13) + 16-3940 (14) 
14-6271 (15) — 30-9666 (38) + 36-4321 (39) ~ 5+4655 (40) 

20-983 — 8-0967 (3) + 20-4834 (5) — 12-3867 (6) — 9:0252 (9) + 29-0319 (11) 
20-0067 (12) — 15-8750 (27) + 30-4394 (28) — 14+5644 (29) 

11-953 + 8-0967 (3) + 9:2524 (4) — 17-3491 (5) — 43-4009 (26) + 73-8403 (27) 
30+4394 (28) + 22-1434 (31) — 33:4559 (34) + 11-3125 (35) 

28-815 — 31-5037 (17) + 57:9946 (18) — 26-4909 (20) — 27-2306 (32) 
34649 (33) + 23°7957 (34) + 5:8788 (42) + 5.0707 (44) — 10-9495 (45) 


+ 446-366 — 32-2252 (17) + 599337 (18) — 27-7085 (19) — 233-8183 (31) 


at. 


205-6716 (32) + 278417 (33) — 49-8114 (42) + 242-7768 (43) — 192-9654 (44) 


The logarithmic values of the multipliers are as follow: 


Log 1 = 0-0867411 + Log 1x = 96790084. + Log XVIII = 8-6450689 + 
IIx== 0-1807674. + X = 0+1500379 — KIX, = 8-1572618 — 

III = 9+3609206 + XI = 0-0552831 + XX = 7:5556467 — 

IV = 8-6847529 — XII = 8-7176344 — XXI = 8-5349471 + 

V = 0-2487918 + XIII = 9+9465396 — XXII = 8-2305158 — 

VI = 0+5948216 + XIV = 8-6162617 + / “XXII — 8-6931705 = 

VIL = o-1g16991 + | XV = 8-3932264 + XXIV = 8-6876129 — 
VIIL = 0:4752867 — XVI = 9-0646936 + XXV = 7:9365944 — 


— XVIT = 87692891 + 
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ALGEBRAICAL EQUATIONS OF CONDITION. 
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FIGURE 15. 


Notation. 


Equations. 


25810 + (3) — (17) — (65) + (68) 
0-3932 — (17) + (23) — (66) + (68) 
2-6510 + (8) — (17) — (67) + (68) 
23160 — (4) + (18) — (26) + (29) 
2°7920 — (4) + (9) — (28) + (29) 
14589 — (4) + (14) — (27) + (29) 
0+4427 — (18) + (19) — (24) + (26) — (34) + (38) 
1+3457 — (14) + (15) — (24) + (27) — (35) + (8) 
3°2584 — (9) + (10) — (24) + (28) — (36) + (38) 
0-5341 — (4) + (5) — (24) + (29) — (37) + G8) 
3°5566 — (19) + (21) — (31) + (34) — (42) + 47) 
0-8705 + (11) — (15) — (31) + (35) — G5) + G7) 
4:1626 + (6) — (10) — (31) + (36) — (44) + (47) 
3°7955 — (24) + (25) — (31) + (38) — (46) + (7) 
08394 — (19) + (22) — (30) + (34) — (51) + (56) 
2°3226 + (7) — (10) — (30) + (36) — (53) + (59) 
90-6990 + (12) — (15) — (30) + (35) — (54) + (6) 
0-2398 — (21) + (22) — (39) + (42) — (51) + G5) 
0-1744 ~ (30) + (32) — (49) + (56) — (62) + (64) 
28361 — (39) + (40) — (49) + (55) — (63) + (64) 
— 1-9838 — (16) + (17) — (68) + (69) 


+ 0:5434 + (16) — (21) — (41) + (42) — (69) + (79) 
+ 33166 + (16) — (22) — (50) + (51) — (69) + (71) 
— 25223 — (40) + (41) — (60) + (63) — (70) + (72) 


+ 0-7754 — (59) + (60) — (72) + (76) 
— 2-2156 — (48) + (50) — (71) + (77) 
+ 1-7682 — (58) + (59) + (74) — (75) 
+ 1-0479 — (57) + (58) + (73) — (74) 
+ 31-734 + 34-7236 (3)—1-7012 (23) + 16-5873 (65) —17-8476 (66) + 1-2 


. 


355 


603 (68) 


— 58-677 + 22-3687 (8) — 1-7012 (23) — 17-8476 (66) + 28-3341 (67)— 10-4865 (68) 


+ 57:832 — 31-0871 (1) + 34-7236 (3) + 11-9778 (8) + 16-58 


— 46095 (68) 


* 


= + 103-732 — 111-2059 (1) + 61-2784 (2) + 88-1952 (3) 


Yy2 


73 (65) — 11-9778 (67) 


356 


XXXITT, 
XXXIV. 
XXXYV.- 
XXAVI 
XXXVII, 
XXXVI. 
XXXIX. 
AL, 

XLI. 
XLII. 
XLUITT. 


XLIV. 


XLV. 


XLVI. 


XLVII. 


ALVITI. 


XLIX. 


Le 


LI. 


LVI. 


O 
lou il 


O 


PRINCIPAL TRIANGULATION. 


— 29-695 +4:9640 (14) —22:8544 (18)—17-6513 (26) +22-0219 (27)—4+3706 (29) 
— 21-728—7-7204 (9) +.4:9640 (14) + 22-0219 (27)—41-3147 (28) +19-2928 (29) 

— 49-089 + 40-0335 (4)—42-5693 (5) — 36-7408 (9) -+29-0204 (10) + 16-9736 (36) 
— 31-4921 (37) + 14-5185 (38) 


= + 27-673 + 11-7283 (9)—29-0204 (10)—10-1019 (14)+ 18-9033 (15)+ 14-3544 (35) 


— 16-9736 (36) + 2-6192 (38) 


= + 29-898 + 39-9530 (9)—29-0204 (10)— 59-2408 (18) + 33-7324 (19)-+4-4222 (34) 


— 16-9736 (36) + 12-5514 (38) 

+ 9+135 + 10-6087 (11) + 18-9033 (14) —29°5120 (15) +19-2764 (24)— 24-4475 (28) 
+5:1711 (27) + 10-6503 (45) — 36°5053 (46) + 25-8550 (47) 

+ 135+639 + 19-1949 (6)+ 29-0204 (9)—48-2153 (10) + 25-5182 (24)—24-4475 (25) 
— 1-0707 (28) + 5-9611 (44) — 36-5053 (46) + 30-5442 (47) 

+ 142-689—10-6087 (11)+-21-0116 (15)—44-4092 (19) + 20:4291 (21)—4-8557 (42) 
— 10-6503 (45) + 15-5060 (47) 

— 27-051 — 31-5250 (30) + 34°8347 (31) — 3-3097 (34) — 30512 (39) + 7:9069 (42) 
— 4°8557 (47) — 7°1154 (51) + 72217 (55) — 0:1063 (56) 

+ 54-901 — 8-2425 (12)+ 18-6454 (15) — 37- eee (19)+ 13-9095 (22)+0-1063 (51) 
— 14-6243 (54) + 14-5180 (56) 

+ 48-364 — 15-9446 (7)+ 12-7893 (10)— 20-9507 (19)-+ 13-9095 (22)-+0+1063 (51) 
— 9:2058 (53) + 9:0995 (56) 

— 67-399 — 39-8413 (30) + 44:6093 (31) — 4-7680 (33) — 9-8661 (39) + 8-4400 (43) 
+ 14261 (47) — 9-2324 (52) + 17-0337 (55) — 7-8013 (56) 

— 58-556 — 56-3929 (11) + 54-0806 (13) + 2-3123 (15) + 44-6093 (31)—83-7027 (33) 
+ 39-0934 (35) + 48-2819 (43) — 49-7080 (45) + 1-4261 (47) 

+ 403+235—77°9730 (12) + 110-9468(13)-+.40-2962(20)— 29-0575 (22)—57+7187 (51) 
++ 139-4160 (52) — 81-6973 (54) 

— 23-603 + 44-6093 (31) — 52-4669 (32) + 7-8576 (33) + 1°5758 (40)—3-0019 (43) 
+ 1-4261 (47) + 6-4421 (61) — 37-8317 (62) + 31-3896 (63) 

— 58-288 + 39-8413 (30) — 52-4669 (32) + 12-6256 (33) — 1-0717 (49) —6-7296 (52) 
+ 47-8013 (56) + 13-2012 (61) — 37:8317 (62) + 24-6305 (64) 

+ 573°179 — 37°3870 (39) + 165-5312 (40) — 128-1442 (41) — 185-5757 (49) 
+ 156-6582 (50) + 28-9175 (55) — 75°2742 (70) + 112-1791 (71) — 36-9049 (72) 
+ 90-094.+ 31-4157 (6) + 22-3687 (8)+12-3889 (41)— 50-6985 (42) + 38-3096 (44) 
+ 28-3341 (67) — 34:4392 (68) — 46-8789 (69) + 25-6105 (70) 

— 49-214 + 38-5980(7) + 22-3687 (8) + 9-7212 (go) — 58-5492 (51) + 48-8280 (53) 
+ 28-3341 (67) — 34-4392 (68) — 42-7532 (69) + 21-4848 (71) 

+ 117-284+43-7850 (48) — 104-9318(49)+ 61-1468(50)—46-5335 (59) —32:0790(60) 
+ 78-6125 (64) — 34-1043 (71) + 23-1229 (72) 

+ 235°239—18-9651 (16) + 11-4521 (17) +7+5130 (22)+61-1468 (48)—70- 8680 (50) 
+ 9°7212 (51) + 6-1051 (68) + 93-5124 (77) 

+ 255°507 + 20-9242 (58) — 32-0790 (59) + 11-1548 (60) + 98-6375 (74) 
— 132°3168 (76) 

— 7°536 — 21-1423 (48) 4+ 21-1423 (50) + 101-7188 (75) — 133-5169 (77) 

+ 112843 + 9-6370 (57) — 20-9242 (58) + 11-2872 (60) + 82-5722 (73) 
— 98-6375 (74) 





ALGEBRAICAL EQUATIONS OF CONDITION. 


The logarithmic values of the multipliers are as follow: 


Log I 
II 


0000000 


Hen tot nt ua 


0-7900400 — 
0:6848780 + 
90-0787 725 
1+4159362 
I-2840132 
0°9317037 
1-1293676 + 
0°4055921 
0-9833578 
98097320 
09976422 
8-9932290 
0+5908574 
0°3729039 — 
1+-2701573 ++ 
03162786 — 
O-4170129 — 
O'4013442 — 
0-2918009 — 


NB 


fL+ i] +1 + | 


Log xx 


XXI 


XXVII 
XAVIIL 
XAIX 
XXX 
AXXI 
XAXIT 
AXXIIT 
AXATV 


= 9°8315825 -|- 


9°2205369 + 


00558102 


0-0784902 


-{- 
-+- 


9°3693788 — 


9-1714078 
9°9214317 
9:4640362 
9-6731183 
9°5044411 
9°3995993 
8-4030635 
7°4033591 
9°5901369 


+ 
- 
-|- 
+ 


9:0637900 + 
XXXV = 8-3819704 — 
XXXVI = 9-0888938 — 
XXXVI = 9-5276980 + 


FIGURE 16. 


XXXVIII = 9+5481392 + 


Notation. 
PL 4) A'G 
AM nis AN ak 
GK (18) GL (19) 
LI en LM (26) 
KL (32) HK ~~ (33) 
th = (3g) TIF (40) 
RT (46) RV +47} 
SW (53) UV (54 
TV (60) TR (61) 
WM (67) WV (68) 
WP (74) MA (75) 
MS (81) MT re 
QW (88) QP (89 
NA (95) NAL (96) 
ON (102) OM (103) 

Equations. 


3:0694 —(7) + (8) — (26) + (7) 
46972 —~(5) + (8) + (19) — (26) 
8-6161 — (3) + (5) — (19) + (20) 
6-9100 — (1) + (3) + (15) — (18) — (20) + (21) 
1-1984 — (4) + (5) + (44) — (18) — (39) + (22) 
0°6412 — (2) + (3) — (20) + (22) + (28) — (31) 
5°5176 — (17) + (18) — (21) + (22) + (29) — (39) 


Log XXXIx 

xL = 

ALI = 

XLIT = 

XLITI = 

XLIV = 

XLY = 

XLVI = 

ALVII = 

XLVITII = 

XLIX = 

L= 

LI = 

LIT = 

LIT = 

LIV = 

LY = 

LVi cS 

A’ ri (6) G’ at 

BN (13) BO 

LA' oe LL 

LIT (27) LF 

HG (34) JIT 

IM (41) RAL 

ST (48) SAL 

UM (55) OF 

TU (62) TS 

WT (69) Wr 

MH (76) ML 

Mip (83) MQ 

PO (90) PN 

NIV (97) NVQ 
OP 


= QO 5415141 — 


9°7145425 + 
0:0246147 — 
8-3776649 — 
9°7706917 — 
9°7179255 + 
8-6288226 — 
8-4114867 + 
78654356 + 
8-2987047 — 
8-1864935 — 
8-6655906 — 
9:1639869 — 
8-4280849 + 
8-8982671 — 
8-6673619 — 
8-7373943 — 
8-5603551 — 


/ 
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VIL 0 = + 03758 — (16) + (17) — (29) + (30) — (32) + (33) 
IX, 0 = + 4:6322 — (22) + (24) — (30) + (31) + (32) — (34) — (35) + (36) 
xX. oO = + 05638 — (9) + (10) — (74) + (75) 
XI..0 = — 2:5037 ~ (8) + (9) — (25) + (26) — (75) + (76) 
XII. 0 = — 1-6502 — (24) + (25) + (35) — (40) — (76) + (77) 
XII, 0 = — 3°1353 — (11) + (12) — (93) + (94) 
XIV. O = + 3:0856 — (10) + (11) + (74) — (85) — (94) + (95) 
XV. © = — 1:1086 — (65) + (66) — (82) + (85) — (95) + (96) 
XVI 0 = + 3:6593 — (39) + (40) — (67) + (69) — (77) + (82) 
XVI. O = + 0:2575 — (38) + (go) — (41) + (42) — (77) + (78) 
XVIIL © = + 2-8605 + (41) — (44) — (66) + (70) — (78) + (82) 
XIX, 0 = + 0-8043 — (37) + (40) — (48) + (51) — (77) + (80) 
XX. 0 = — 3+7892 + (48) — (52) — (66) + (72) — (80) + (82) 
XXL .0 = — 0-0791 + (58) — (63) — (66) + (68) — (81) + (82) 
XXII 0 = + 0-5438 — (47) + (48) — (58) + (62) — (80) + (81) 
XXII. © = + 2-7721 + (41) — (45) — (58) + (60) — (78) + (81) 
XXIV. .o = — 1:6997 — (56) + (57) — (61) + (63) — (68) + (71) 
XXV. o = — 1-8928 — (43) + (45) + (55) — (57) — (60) + (61) | 
XXVI. © = — 06992 — (64) + (66) — (82) + (83) — (86) + (87) 
XXVIL 0 = — 1-1087 + (65) — (73) — (90) + (92) — (96) + (98) 
XXVIIL 0 = + 25577 + (64) — (73) — (87) + (88) — (91) + (92) 
XXIX. 0 = + 2-8919 — (12) + (13) + (93) — (99) — (400) + (Zor) 
XXX, 0 = — 2.0934 — (84) + (85) — (95) + (99) — (101) + (102) 
XXXL 0 = — 0-8624 — (89) + (90) — (98) + (99) — (101) + (103) 
XXXIL 0 = + 29-386 — 61-0081 (5) + 10-5815 (7) — 5:2001 (19) — 1-0990 (26) + 6-2991 (27) 
XXXHI 0 = — 124:193 + 57-1619 (6) ~ 33-7352 (7) — 13-9279 (8) 
XXXIV. O = — I11-429 + 22-6348 (3) + 1-9038 (8) — 21-7651 (19) + 16-5650 (20) + 5:2001 (26) 
XXXV. 0 = + 57-519 — 26-4182 (1) + 49-0530 (3) + 16-9247 (4) — 15-1795 (3) + 17-2430 (14) 
+ 9-8838 (15) — 27-1268 (18) 
XXXVL 0 = — 15-709 — 26-4182 (1) + 42-4106 (2) — 15-9924.(3) + 9-8838 (15) — 321189 (17) 
+ 22-2351 (18) — 5+9438 (28) + 14-8637 (29) — 8-9199 (31) 
XXXVIL 0 = — 60-469 + 11-3090 (16) — 11-3090 (18) — 30-0818 (21) + 53-3635 (22) 
— 23-2817 (23) + 37-7995 (29) — 22-9358 (30) — 14-8637 (31) + 65-0596 (32) 
65-0596 (33) 
EXXVHI. © = + 277-957 + 16-9247 (4) — 77:9328(5) + 10-2047 (8) — 12-1085 (9) + 17+2430(14) 


24-5349 (16) — 41-7779 (18) + 11-3090 (21) — 19-7099 (23) + 8-4009 (24) 

23-9618 (35) + 18-2046 (36) + 5-7572 (40) + 86-3055 (75) — 102-1626 (76) 

. 15-8573 (77) 

XXXIX. 0 = — 255-699 “+ 61-0081 (5) — 4-2.260 (10) + 5:2001 (19) + 20. 0599 (25) 

— 25-2600 (26) + 23-4327 (74) — 109-7382 (75) + 86-3055 (76) 

+ 23-415 + 28-2373 (9) +. 20:0946 (12) — 21-8990 (74) + 23-4327 (75) 

— 1-5337 (85) + 36-3995 (93) — 53°6225 (94) -+ 17-2230 (95) 

XLI. 0 = + 69-123 — 12-1085 (8) — 16-1288 (9) — 25-7130 (10) + 29-9390 (11) 
+ 16-2870 (24) — 30-3469 (25) + 20-0599 (26) + 5+7572 (35) + 30-2933 (39) 
— 36-0505 (40) + 24-6464 (65) — 34-0888 (66) + 9-4424 (69) + 172230 (94) 
— 28-5676 (95) + 11-3446 (96) 


rel ttt 


XL O = 


XLII. 


XLITI. 


XIV. 


XLY. 


XLVI. 


XLVII, 


XLVITI. 


XLIX. 


LIT. 


LIT. 


LTV. 


LY. 


LVI. 


ALGEBRAICAL EQUATIONS OF CONDITION. 359 


+ 65°767 — 12-8017 (38) + 30-2933 (39) — 17:4916 (40) + 17-8608 (41) 
+ 3-0018 (42) — 20-8626 (44) — 5+1855 (66) + 9-4424 (69) — 4:2569 (70) 

— 2-569 ~— 11-9875 (37) + 30-2933 (39) — 18-3058 (4o) + 24-2278 (48) 
— 3°3031 (51) — 20-9247 (52) — 10-9285 (66) + 9-44.24 (69) + 1-4861 (72) 

— 105-246 — 20-8626 (41) + 20-8626 (44) + 26-6409 (48) — 57162 (50) 
— 20-9247 (52) — 5-7430 (66) + 4:2569 (70) + 1-4861 (72) + 1-3506 (78) 
— +3506 (80) 

+ 67.015 — 54-4884 (47) + 33-5637 (48) + 20-9247 (52) — 30-1458 (58) 
+ 31-4698 (62) — 1+3240 (63) + 11-0938 (66) — 9:6077 (68) — 1-4861 (72) 

— 4:458 + 9:9425 (58) — 62-9067 (60) + 52-9642 (63) + 4-2569 (66) — 90-4918 (68) 
+ 86-2349 (70) + 25-4172 (78) — 39-5297 (81) + 14-4125 (82) 

~ 17-469 — 11-3456 (54) — 14-1015 (56) + 25-4471 (57) + 12. 19641 (58) 
— 14-2881 (61) + 13240 (63) — 5-6867 (66) + 9-6077 (68) — 3. 9210 (71) 

— 86-845 + 100-7245 (41) — 100-7245 (43) — 88-2373 (54) + 146-9642 (55) 
— 58-7269 (57) — 187-6722 (60) + 134-7080 (61) + 52-9642 (63) + 4-2569 (66) 
— 90-4918 (68) + 86-2349 (7o) — 14-1125 (78) + 14-1125 (82) 

+ 0:576 + 15-3323 (64)—24-6464 (65) + 9°3141 (66)— 10-6818 (83) + 10-6818 (85) 
— 1-0653 (86) + 1-0653 (87) — 3+7936 (95) — 11-3446 (96) + 15-1382 (97) 

— 146-077 — 110-6033 (64) + 88-1705 (65) + 22-4328 (73) + 39-3772 (90) 
— 71-6652 (91) + 32-2880 (92) + 71-7001 (96) — 92-1922 (97) + 20-4921 (98) 
— 77:055 + 29-9390 (10) — 24-8394 (11) — 100-8645 (12) + 80-7699 (13) 
— 1-5337 (74) + 107-8566 (84) — 106-3229 (85) + 23-0536 (100) — 116-4577 (101) 
+ 93-4041 (102) 

+ 86-329—38-5213 (65) +24-6464 (66)-+13-8749 (73) +4-5490 (82)—107-8566 (84) 
+ 103-3076 (85) + 31-4541 (89) — 43-0091 (90) + 11°5550 (92) + 102-6810 (101) 
— 93:4041 (102) — 9-2769 (103) 

+ 346-015 +0-5666 (58)—86-0403 (59)+85-4737 (63)—9-6077 (66)-+ 249-3621 (67) 
— 239°7544 (68) — 72-7641 (79) + 112-1542 (81) — 39-3901 (82) 

— 189-796 —61-5715 (41) —65-5663 (45) + 127-1378 (46) —6-6636 (58) + 29-3703 (59) 
2.24067 (60) — 98-8738 (78) + 172-2045 (79) — 73-3307 (81). 

+ 118-968 + 109-9578 (43) — 163-6805 (45) + 53°7227 (46) — 26. .2609 (53) 
58-7269 (55) + 84-9878 (57) + 12-1127 (59) — 11-8436 (60) — 0-2691 (61) 

+ 735°308 + 222-3683 (48) — 205-0657 (49) — 17-3026 (52) — 13:0796 (66) 
+ 42-1811 (67) — 29-1015 (72) — 336-6793 (79) + 358-3716 (80) — 21-6923 (82) 


The logarithmic values of the multipliers are as follow : 


Log 1 
II 


< 


lou uw ued 


9°3256339 + Log VII = 0-3608894 + Log XII = 07359728 + 
0-6845849 + VIII = 0-6390802 — XIV = 0-4020549 + 
1-0246388 + IX = 0-:0476890 — XV = 0-1722565 + 
9°6581463 — X = 06083462 + | XVI = 0-4884429 — 
9°9336864. — | XI = 0-6917649 +  XVIT = 0-4404791 — 


0°3399802 + = | XIT = 045259586 + | __ XVII = 0-2099442 + 
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Log XIX = 0-7913370 + Log XXXII = 8-5634107 + Log xLv = 8-5405967 + 
oa — 0:7944.788 + XXXII = 7°9934192 + XLVI = 8-7553162 ae 
XXI = 9-8760980 — XXXIV = 9-0246809 — XLVIL = 8-6517256 — 

XXII = 0-2406153 — XXXV = 8-0030519 — XLVI == 8-3312160 + 
XXIII = 0°5464470 — XXXVI = 8-3944275 — XLIX = 9-4645718 + 
XXIV = 0-7173478 + XXXVII = 8-8339300 — L = 8-7451251 + 

XXV = 9-4038878 + XXXVIII = 8-8292242 + LI = 8-3040449 + 
XXVI = 8-4093937 + XXXIX = 8-9160489 + LI = 8-1746653 + 
XXVII = 0-4476657 + XL = 8-7511509 + LIll = 7-8961683 — 
XXVIII = 0:7146212 — XLI = 8-5832032 + LIV = 9-9717976 — 
XXIX = 9+7251423 + XLII = 9+4819076 +- LV = 8-3779216 + 

XXX = 9-7505042 — XLII = 96709376 — LVI = 78079933 — 
XXXI = 0-0345124 + XLIV = 9-6597939 + 

FIGURE 17, 
Notation. 

1) D'B 2) DL 3) DC (4) AA (s) BA (6) CB CA 
8 DC 16) DA ye DB A DC (19) DIL’ (20) CD < CA 
(22) CB i CD’ (24) CE’ (25) CL’ (26) BD (27) BA 28) BC 
aa BB (30) BD’ (31) BE’ (32) BL' (33) BC $34} L'D (35 L'A 
+38) L'C ¢37 L'D' i353 LE (39) LE (40) LF (41) MF (42) ME 
+43) ME 44) WG (45) WG (46) NK (47) PR (48) QK (49) GW 
(so) GF (51) GE (52) GE (53) GH (54) GR (55) GH" (56) GK 
(57) GN (58) A? +38} KN (60) KG (61) KK (62) KH’ (63) KQ' 
64) HE (6s) HY (66) HK (67) HG KG (69) KH (70) KK 
tos WG (72) WH (73) HK (74) GH (75) FI 


Equations. 


+ 293877 — (1) + (6) — (28) + (30) 

+ 1+5569 — (6) + (8) — (5) + (17) — (26) + (28) 
— 8-1617 — (17) + (18) — Go) + (22) + (26) — (33) 
— 0-0287 + (1) — (3) — (2) + (23) — (30) + (33) 
+ 97167 + (3) — Go) — (23) + (24) 

+ 5°5764 — (2) + (3) — (23) + (25) ~ (36) + (37) 
— 4:8792 — (9) + (10) — (24) + (25) — (36) + (38) 
+ 02026 — (18) + (19) + (20) — (25) — (34) + (36) 
— 31-6392 — (44) + (45) + (49) — (57) 

+ 14024 + CQ) — (12) — (38) + (44) — (49) + (52) 
+ 14227 + (12) — (52) + (55) — (71) 

+ 5°4146 — (54) + (55) + (68) — (71) 

— 42153 — (61) + (62) + (70) — (73) 

— 7-0631 — (55) + (56) — (60) + (62) + (71) — (73) 
+ 3°3134 — (45) + (46) — (56) + (57) — (59) + (60) 





< 

em 

4 
0000000000000 0 0 
riruruduaoraru hb todd 


ALGEBRAICAL EQUATIONS OF CONDITION. 361 


XVI. 0 = + 24934 — (46) + (48) + (59) — (63) 

XVI 0 = + 3-4954 — (47) + (48) + (58) — (63) 
RVOT. 0 = + 261383 — (11) + (12) — (52) + (53) + (64) — (67) 

XIX, O = + 6-6650 — (53) + (55) — (65) + (67) — (71) + (72) 

XX. O = + 01715 — (53) + (54) — (66) + (67) — (68) + (69) . 
XAT, Om + 353°997 — 81-0997 (1) + 117-1668 (6) -}- 137259 (28) — 114°0522 (29) 


+ 100-3263 (30) 
SX. o= — 747-061 + 210°6435 (1) + 958186 (29) = 9.10+4861 (30) + 114:6675 (31) 
XXII 0 = + 48-659 + 69-4454 (1)—94-5083 (5)—180-7518 (6) + 183-4765 (7)+95-7861 (27) 
— 118-8276 (28) + 92-4869 (29) — 69-4454 (30) 


XXIV, © = — 52-401 — 3-1614 (1) — 21-3233 (4) + 25-2849 (5) + 1095337 Ce +5338 (29) 
+ 8-c001 (30) 

XXV, o = — 71-696 + 180-7518 (6)—215-3438 (7) +34+5920 (8) 48. 3434. (15)— 38-6207 (16) 
+ 30-2773 (17) + 38-3264 (26) — 157-1540 (27) + 118-8276 (28) 

XXVI. 0 = — 1350-582-+ 17-5884 (1)-+92-4097 (3)-+ 36-5403 (22) + 83-6396 (23)— 120-1799 (24) 


— 110-3172 (30) + 232-5314 (31) — 122-2142 (33) 
XXVIII, O = + 311-144—120-9827 (1) + 92-4097 (3) — 157-6019 (6)+26-9769 (8)—4:9379 (15) 
— 61-7554 (17) + 66-6933 (18) — 16-9297 (20) — 66-7099 (22) + 83-6396 (23) 
XXVIII O = + 43:248—14-0254 (16) + 30-2773 (17)—16-2519 (18)— 18-9531 (20) + 22-3658 (21) 
— 3:4127 (22) + 38-3264 (26) — 27-3464 (27) — 10-9800 (33) 


XXIM, © = — 15-719 +36-4925 (2) — 32-0293 (3) — 15-3723 (9) +71-4379 (10)—90-9876 (36) 
+ 98-8469 (37) — 7:8593 (38) 
XXK, O = — 315-060+92-4097 (1)+36-4925 (2)—128-g022 (3)+66-6933 (17)— 70-6952 (18) 


+ 4:0019 (19) + 31-6004 (26) — 41-3849 (30) + 9-7845 (33) + 52-9391 (34) 
— 151-7860 (36) + 98-8469 (37) 

XXXL 0 = — 1254+334 — 92-4097 (1) — 36-4925 (2) + 128-9022 (3) + 260-3625 (22) 
— 260-3625 (25) + 41-3849 (30) + 309-3628 (32) — 350-7477 (33) + 98-8469 (36) 
— 98-8469 (37) 

XXXIL 0 = — 1626-991 — 34-9296 (16) + 16-2519 (18) + 18-6777 (19) + 18-9531 (20) 
— 34:8662 (21) + 15-9131 (25) — 117-6780 (34) + 220-7584 (35) — 103-0804 (36) 


XXXII, 0 = + 399-063 + 27-2897 (9) + 105-2039 (12) — 132-4936 (13) + 38-6732 (38) 
— 63-8167 (40) — 126-7512 (41) + 215-3279 (43) — 105-2039 (44)+ 105-2039 (49) 
— 105+2039 (52) 
XXXIV. O = + 306-:215+ 28-4679 (9)+ 95-1081 (12)— 123-5760 (14) + 82-6460 (38)— 97-8229 (39) 
— 239-0389 (42) + 320-5728 (43) — 95-1081 (44) + 95-1081 (49) — 95-1081 (52) 
XXXV. Oo = + 674:012 + 69-6360 (12) — 69-6360 (14) ~ 206-0916 (42) + 320-5728 (43) 
— 114+4812 (44) + 94-7410 (49) + 52-8528 (51) — 147-5938 (52) 
XXXVI 0 = + 580-243 + 78-6498 (12) — 78-6498 (13) — 94-1838 (41) + 215-3279 (43) 
7 — 121-144 (44) + 96-4270 (49) + 30-9732 (50) — 127-4002 (52) 
XXXVIT. 0 = — 282.655 + 26-6146 (38) — 59-4819 (43) + 41-1578 (44) + 7-1393 (45) 
— 49-8894 (49) + 33-1343 (52) + 16-7551 (57) 
XXXVI, OS — 73-192 + 18-9288 (2)+ 13-4115 (37)—21-7020 (38)—34-2949 (43) +93°345° (44) 
— 8-0235 (49) + 8-9347 (52) — 0-9112 (55) + 21-5303 (71) 
XXXIX, O= 


+ 681-838 + 22-4513 (12) — o-g112 (52) — 297-1907 (54) + 298-1019 (55) 
“+ 63-2619 (68) 
Z Zz 


62 ' . “PRINCIPAL TRIANGULATION. 


XL, 0 = — 108-640+ 30-5880 (46)—27-0816 (47)— 32-9671 (58)-+15-3980(59)+ 17-5691 (63) 
XLT, © = — 124:0444+13°5475 (44)—0-6019 (48) + 16-7551 (49)-+10- "0517 (56)— 26-8068 (57) 


— 46-2081 (59) + 30-8101 (60) + 15-3980 (63) 
XLIL 0 = + 396-681 —22-4513 (12)+64+5036 (43)—78-0511 (44)—10-4092 (45)+3- i (46) 
+ 41-1578 (49) — 41-1578 (52) + 30-8101 (59) — 41-2277 (60) + 10: mas (62) 
— 26-9216 (71) + 5°3913 (73) 


XLII. 0 = — 87-452 — 9-5087 (60) + 19-9263 (61)—10-4176 (62)—63-7454 es 4835 (70) 
+ 87-6473 (71) — 5:3913 (73) 

XLIV, 0 = — 471-692-+ 32-9743 (52)—32-0631 (53)—0-9112 (55)—71-4693 (64)+ 61-8643 (65) 
+ 9:6050 (67) + 21-5303 (71) — 153-3506 (72) 

XLV, © = — 534-581 — 12-5582 (53) + 297-1907 (54) — 284-6325 (55) — 161-3413 (65) 


+ 163:4534 (66) — 2-1121 (67) — 63-2619 (68) — 37-1746 (69) 
+ 298-277 — 75-4616 (11) — 149-9509 (72) + 65-8909 (75) 
XLVI 0 = + 33-891 — 11-7082 (72) + 28-7347 (74) — 14:3470 (75) 


; 
oO 
I 


The logarithmic values of the multipliers are as follow: 


Log I = 0-7001492 + Log XVII = 0-2378173 +: Log XXXII = 7-9870447 — 
IE = 9°9057597 — XVIII == 0-1679205 — XXXIV = 8-0596783 — 
III = 8-9590199 — XIX = 0-1889868 — XXKV = 8-1944041 + 
IV = 1-2961872 — XxX = 8-4455108 + EXXVI = 7-7868391 + 
V = I-2402109 — XXI = 8-8330113 + RXXVIL = 9°5493557 + 
VI = 9:6507133 + XXII = 9-2309470 + XXXVI = 7-9435623-— 
VII = 0-8211164. — XXIII = 8-3120561 — XXXIX = 9+3942400 + 

VII = 8-8466519 — XXIV = 7-7648878 + XL = 9+2091238 + 
IX = 0-1134610 — XXV = 7+5461266 — XLI = 9+4905609 + | 
K = 0-4891544 — XXVI = 8-5621584 — XLIT = 9+3080893 + 
XI = 9-8353075 — XXVII = 9:0376488 + XLIIL = 99093460 — 

XII = 1-8623616 — XXVIII = 8-2080272 — XLIV = 7:°8564933 — - 

XII. = 0:8035058 — XXIX =-9:1520939 — XLV = .7°4793262 + 

XIV = 0-5816320 + . . XXX = 90710051 + — XLVI = 8-0836415 — 
XV = 0:5939799 — XXXI = 8-2070954 — | XLVII = 7-9248022 — 

XVI = 0-2916685 + XXXII = 7-8366746 + 





FIGURE 18. 
Notation. 

(1) A'D ‘23 A'C 3) CC D'D (5) DIC (6) DE (7) D'B 
(8) £'B 9) WB . IB “4 TA (5? Al’ AF" 14) AB 
(15) A 16) AF 17) BI’ 18) BH’ 19) BF 20) BE’ 21) BD’ 
BD 23) BE = BG 25) BF 26) BA CC’ 28) CB’ 
29) CA’ 30) CD 31) CE 32) ED’ 33) EC 34) ED 35) EG 
36) LF 3 ?? EB 38) DC e 9) DD' . DC oF DA! oR DG . 
43) DF 44) DE 45) DB (46) FA 47) FB 48) FE 49) #£D 

(so) FG 51) GD 52) GF ? 
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ALGEBRAICAL EQUATIONS OF CONDITION. 363 


Liquations. 


28722 — (7) + (8) — (20) + (21) 

0-6059 — (7) + (10) — (17) + (21) 

2-2503 — (8) + (9) — (18) + (20) 

2°6353 — (10) + (a1) — (42) + (14) + (17) — (26) 

3°1593 — (1) + (4) — Go) + GT) 

1:9694 — (4) + (7) — (21) + (22) + (39) — (5) 

2:0604 — (1) + (2) — (29) + (30) — (38) + G1) 

1-8252 — (2) + (3) — (7) + @9) 

1-4803 — (6) + (7) — (21) + (23) + (32) — (G7) 

25461 — (4) + (6) — (32) + (34) + (39) — (44) 

1:0512 — (30) + (31) — (33) +. (4) + (38) — (44) 

55268 — (22) + (25) — (43) + (45) — (47) + G49) 

4-169 — (23) + (25) — (36) + (37) — (47) + G8) 

0:2976 — (14) + (16) — (25) + (26) — (46) + (47) 

8-579% — (42) + (43) — (49) + (50) + (51) — G2) 
5°596 — 28-7221 (7) + 3-7491 (9) + 17-8248 (18) — 76-2202 (20) + 58-3954 (21) 
233-224 + 48-6108 (7) — 88-9196 (8) — 58-1163 (9) + 46-goI0 (10) 

20°74.5 -+ 0:0669 (7) + 3-3376 (10) + 18-7311 (17) — 46-5300(19) + 27-7989 (21) 
21-666 + 3-3376 (10) + 8-7475 (11) — 35-5933 (12) + 70-9164 (13) — 35-3231 (14) 
18-7311 (17) — 40-0599 (19) + 21-3288 (26) 

244-018 + 4-4811 (1) — 8-8085 (4) — 39-9016 (39) + 69-4362 (40) — 29-5346 (41) 
137°761 + 4-4895 (1) + 71-4678 (8) + 58-3954 (20) — 73-5017 (21) + 15-1063 (22) 
33°8196 (39) + 10-5875 (41) + 23-2321 (45) 

169+432 + 4-4811 (1) + 20-5244 (2) — 23-6729 (27) + 23-3305 (29) + 0-3424.(30) 
25-6645 (38) + 55:1991 (40) — 29-5346 (41) | 
179°194 + 14:0512 (1) — 67-0136 (2) — 45:8222(4) + 35-2837 (5) + 97-3671 (38) 
103-0677 (39) + 5:7006 (41) 

189-895 — 6-7325 (2) +. 84°3241 (3)—288-8981 (27) + 315+94.76 (28)—27-0495 (29) 
63-950 + 8-1408 (21) — 15-1063 (22) + 6-9655 (23) — 10-4322 (32) + 4-6343 (34) 
57979 (37) + 71577 (39) + 16-0744 (44) — 23-2321 (45) 

76-050 + 45-8222 (4) — 90-7836 (5) + 44:9514(6) + 74-3379 (32) — 85-6404(33) 
11-3025 (34) — 127-2083 (38) + 103-0677 (39) + 24-1406 (44) a 
269-977 + 67-3836 (22) — 76-5746 (23) + g-I910 (25) + 38-9499 (43) 
153-0616 (44) + 114-1117 (45) + 34°7915 (47) — 77°5774 (48) + 42-7859 (49) 
14-023 + 31-5701 (6) — 51-4588 (7) — 53°3034(10) + 34-2676 (11) + 11-4774(12) 
8.1275 (14) — 3-3499 (16) + 5-7979 (32) + 28086 (36) — 8.6065 (37) 
34-2463 (46) — 69-0378 (47) + 34-7915 (48) | 
65-615 + 12-1620 (34) — 21:7944 (35) + 96324 (36) + 12-8611 (42) 
16-3782 (43) + 3°5171 (44) + 6-4480 (48) — 19-7925 (49) + 13-3445 (5°) 
50-887 + 2445500 (22) — 47-0098 (24) + 22-4598 (25) + 16-7350 (42) 
16-3782 (43) — 0-3568 (45) — 5-3101 (47) — 19-7925 (49) + 25-1026 (50) 
34-701 + 71557 (14) — 47-0731 (15) + 39-9174 (16) + 23-3892 (24) 
22-4598 (25) — 0-9294. (26), — 21-6055 (46) + 5-3101 (47) + 16-2954 (50) 

ZZ 2 


364. PRINCIPAL TRIANGULATION. 
The logarithmic values of the multipliers are as follow : 
Log I = 08157103 + Log XI = 0-4021730 — Log XXII = 8-8972770 + 
II = 9-1267212 — XII = 9:8579187 — XXIII = 8-2777369 + 
WI = 0:3289483 + RIT = 9+3607321 + XXIV = 7°4915465 + © 
Iv = 9°8845124 + XIV = 9°7667154 — XXV = 8-9900848 — 
v = 0-8016538 + XV = 9°7241568 + XXVI = 8-3841822 + 
VI = 98885949 — XVI = 8-7966108 — XXVII = 7-689II00 — 
VIL = 0-7593692 — XVIL = 8-2738882 + XXVIII = 8-3349969 — 
VIII = 0°7323468 — XVIIE = 8-3464482 — XXIX = 8-6074617 + 
IX = 0-2900560 + XIX = 7-8230366 + XXX = 77253128 + 
X = O-4917551 + >. — 8+9900697 = XXXT = 8-0188482 + 
XXT = 7°9599091 — 
FIGURE 19. 
Notation. 
@ Be ee (te (be on ae 3 Ac m AL 
(15) AK (16) AD ti) AB (18) AA (19) BA’ 20) BB (21) BA 
(22) BD (23) BE (24) BC (25) BD’ (26) CD! e cE 39 CF 
29) CG 30) CE’ (31) FC (32) £ (33) £B 34) fie (35) FI 
(32 FH (37) FG. (38) FE’ (30) GC ae Gir (41) GH (42) GE 
i HF (44) HE oe HI 140) HG st EB (48) ED (49) EK 
so) EM (51) EI (52) EH (53) EF 54) EC (55) DA ‘56 DL 
(57) DM (58) DE (39) DB (60) LA (61) EM (62) LK 3 LD 
oa MEK (65) ME (66) MI Neh ME ane IE (69) IK (7o) IM 
(71) IX (72) KA (73) KE (74) KM (75) KI (76) KE 
Equations. . 
L o= + 28486 — (1) +(3) + (13) — (8) 
I. o= — 32191 —(4)+(5) + (19) — (25) 
Il, Oo = — 0:3284 — (1) + (2) + (13) — (17) — (20) + (21) 
Iv, o = — 0:6592 — (3) + (4) — (17) + (18) — (39) + (21) 
VY. o= + 2:6535 —(8) + (9) + (26) _ (30) 
VI. o = — o-l104 ~ (9) + (10) — (28) + (30) + (31) — (38) 
VIL 0 = — 18525 — (7) + (10) + (32) — (38) 
vil. 0 = — 43450 — (27) + (28) — (31) + (34) — (53) + (54) 
IX, 0 = — 10715 — (5) + (8) — (23) + (25) — (26) + (27) + G7) — G4) 
X 0 = + 06450 — (16) + (17) ~ (21) + (22) + (55) — (59) 
XI, 0 = + 0:3109 — (22) + (23) — (47) + (48) — (58) + (59) 
KUL 0 = + 2:0204 — (9) + (11) — (29) + (30) + (39) — (42) 
MI, 0 = — 1/2054 — (10) + (x1) — (37) + (38) + (40) — (42) 
XIV. 0 = + 6:1630 — (36) + (37) — (4o) + (41) + (43) — G9) 
XV. 0 = + 0:0364 — (34) + (36) — (43) + (44) — (52) + (53) 
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— 40510 — (44) + (45) — (51) + (52) + (68) — (71) 

— 4:5005 — (14) + (16) — (55) + (56) + (60) — (63) 

— 4:6427 — (50) + (51) — (66) + (67) — (68) + (70) 

+ 1-4200 — (48) + (50) — (56) + (58) — (61) + (63) + (65) — (67) 

+ 03535 — (49) + (51) — (68) + (69) — (75) + (76) 

+ 01835 + (64) — (66) — (69) + (70) — (74) + (75) 

— 28148 — (61) + (62) — (64) + (65) — (73) + (74) 

45110 — (14) + (15) + (60) — (62) — (72) + (73) 

175°550 + 18-1582 (1) + 15°3327 (3) — 53°7646 (12) + 16-5975 (3) 
37°1671 (18) 

69-422 + 19-2402 (1) + 11-5887 (5) + 3:2281 (13) + 13-3899 (17) 
16-6180 (18) — 17-1656 (19) + 4:9513 (21) + 12-2143 (25) 

21+278 — 15+3327 (3) — 3°5704.(4) + 36-0923 (12) + 1-0748 (17) — 37-1671 (18) 
40-8844 (19) — 58-8554 (20) + 17-9710 (21) 

123-826 + 12-6781 (4) + 18-6609 (5) — 18-6609 (8) + 20-8212 (9) + 12-2143 (19) 
28-5519 (24) — 40-7662 (25) + 3-3456 (26) — 3-34.56 (30) 

17°343 — 24-9215 (7) + 29-3532 (8) — 3-34.56 (26) — 3-1492 (28) + 6-4948 (30) 
12-2953 (31) — 6-5540 (32) — 5+7413 (38) 

601-437 — 66-7537 (5) + 75°8161 (7) — 38-4156 (8) — 73-5260 (9) + 52+7048 (10) 
85-7071 (24) + 85-7071 (25) — 29-6741 (31) — 75-8161 (32) + 93-1949 (33) 
12-2953 (38) 

262-888 + 75-8161 (5) — 75:8161 (7) + 30-6548 (23) + 45-1613 (24) 
75°8161 (25) + 18-3308 (31) + 75-8161 (32) — 93-1949 (33) — 09-9520 (34) 
3:0974 (47) + 27-6579 (53) — 30°7553 (54) 

474-001 — 22-6101 (5) + 83-0367 (6) — 60-4266 (7) — 3-4558 (23) + 3:4558 (25) 
3°8660 (32) + 84-5603 (33) — 80-6943 (34) — 61-2783 (47) + 61-2783 (53) 
98-620 + 20-5563 (3) — 33°2344 (4) — 61-4228 (5) + 49-8341 (6) + 22-4158 (16) 
35°8057 (17) + 13-3899 (18) — 27-2240 (23) + 27-2240 (25) — 29°5708 (47) 
29-5708 (48) + 9-0430 (55) — 0:2037 (58) — 8-8393 (59) 

282-914 + 52-7048 (9g) — 85-5042 (10) + 32-7994 (11) + 35: 1018 (28) 
31-9526 (29) — 3-1492 (30) — 51-4221 (39) + 48-7136 (40) + 27085 (42) 
84-840 + 17-5868 (27) — 49-5394 (28) + 31-9526 (29) + 51-4221 (39) 
62-2616 (40) + 10-8395 (41) — 33:2372 (43) + 32 cee (44) + 1+1606 (46) 
31+1522 (52) — 58-8101 (53) + 27-6579 (54) 

2-614 + 58861 (34) — 32-5624 (35) + 26-6763 (36) — 9-0709 (43) 
3°7028 (44) + 12-7737 (45) + 18-1378 (51) — 23-3501 (52) + 5-2123 (53) 
100-145 + 28-6030 (14) ~— 51-0188 (16) + 22-4158 (17) + 79-6485 (21) 
22-9404 (22) + 15-3009 (23) + 29-5708 (47) — 71-1065 (48) + 41-5357 (50) 
50-9410 (56) — 93-3817 (57) + 42-4407 (58) + 32-3281 (60) + 35-3192 (61) 
67-6473 (63) 

267-989 + 15-3009 (22) — 15-3009 (23) + 84-5603 (33) — 75-7679 (34) 
8-7924 (36) + 32-0766 (43) — 35°7794 (44) + 3-7028 (45) — 61-2783 (47) 
424407 (48) — 42-4407 (50) + 61-2783 (53) + 54-0387 (57) — 53-8350 (58) 
0°2037 (59) + 30-9499 (66) — 30-9499 (67) — 6.0675 (68) — 7:1242 (7°) 
13+1917 (71) 
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XXXVITI. O 


l 


+ 84:283 — 83-3234 (49) + T0I-7779 (50) — 18-4545 (51) — 76-5788 (64) 

— 19-9588 (66) + 96-5376 (67) — 13-2687 (68) + 30-3724 (69) — 17-1037 (70) 

XXKIX. 0 = — 194:224 — 0:9050 (48) — 26-9574 (50) + 24-8624 (51) + 35-0832 (56) 
— 46-6812 (57) + 11+5980 (58) + 39-0841 (61) — 23-4623 (62) — 15-6218 (63) 
— 7:1242 (68) — 17-1037 (69) + 24-2279 (70) + 43045 (73) — 1°5537 (74) 
— 2+7508 (75) c 

KL O = + 45-915 + 28-3694 (14) — 569724 (15) + 28. -6030 » (16) — 7:°8995 (55) 

— 78-1247 (56) + 86-0242 (57) — 50-9410 (61) + 50-9410 (63) —~ 28-4130 (64) 

+ 28-4130 (65) — 23-4075 (72) + 19-1030 (73) + 43045 (74) 


The logarithmic values of the multipliers are as follow: 


Log LS 0-3724948 — Loge XIV = 9°44.2,9038 + Log XXAVIT = 8-6550029 = 
II = 0-4069450 + XV = 0-2728804 + XXIX = 7-4252114 — 
Ill = 9-8081068 + XVI = 0-3358004 + XXX = 8-2008387 + 
IV = 0:2792591 + — OXVIE = 0-2972955 + XXXI = 7-6064244 + 
V = 0-3158436 + XVII = 0-2884929 + XXXII = 7-9424673 — 
VI = 0:6715666 + XIX = 0-1964783 + XXXII = 8-6396017 + 
VII = 0:0389693 — XX = 9°8486244 — XXXIV = 7+9293535 — 
VIIE = 0-6617245 + XXI = 0-1479960 — XXXV = 7-8089573 — 
TX = 0-5803044 + XXII = 9-6123788 — XXXVI = 8-2273099 — 
X = 03527149 + XXIM = 9+5316819 + XXXVII = 7-8067849 + 
XI = 0-4752469 + XXIV = 8-9438312 — XXXVIII = 7-5162246 — 
XII = 9-7QI0I52 — XXV = 8-5986290 — XXXIX = 8-9361567 + 
XII = 9-5007925 + XXVI = 8-3535254 — XL = 6+7471709 + 


XXVII = 6-3889178 — 








FIGURE 20. 
_ Notation. * | 
1) EA 2) CF 3) BF (4) BE 5) FB 6) FA- (4) GE 
ts} G'B H'F ne HE (11) A’B neh AK 3 AF . - AE! 
(15) AF a AB (17) AC 18) BF’ (19) BG’ (20) BH 21) BE 
(22) BI 23) BD (24) BC 25) BA 26) EG’ (27) EH a EB 
(29) LA’ 30) EF (31) £K m EI 3) ED 34) EB 35) FB! 
(36) FA (37) FK (38) FI (39) FE (40) FH’ (41) CA = (42) CB 
(43) CD as CG 45 ) DB (46) DE (47) DI. (48) DH 49} DG 
$503 DC (51) LE 52) IF (53) LK (54) TH (55) LG 56) ID 
(sc) IB 38) KF (30) KA’ (60) KH (61) KI oe GC (63) GD 
(64) GI (6s) GH (66) HI Gs) HK (68) HG (69) HD 
| Equations. 
I. O= + 2°3360 +(1)— (6) — (14) + (5) 
IL oO = — 1:6022 —(5) + (6) — (15) + (16) + (18) — (25) 
IL o = — 36030 + (5) ~ (8) — (18) + (19) 
Iv. oO = + 4:3216 + (8) — (ar) — (19) + (20) 


XXVIT. ~ 


XXVIII. 
XXIX, 


XXX. 


XXXII. 


XXXII. 


XXXII. 


XXXTY. 


o= 
Oo = 


= 
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ALGEBRAICAL EQUATIONS OF CONDITION. 367 
+ 0-1829 — (10) + (11) — (20) + (21) + (27) — (34) 
+ 3°3466 + (7) — (10) — (26) + (27) 
— 41496 — (4) + (10) — (27) + (28) 
bh 1eI571 — (9) + (10) — (27) + (30) — (99) + (40) 
— 10621 — (3) + (9) + (35) — (40) 
— 44407 + (9) — (13) + (36) — (40) 
+ 34901 — (16) + (17) — (24) + (25) — (41) + (42) 
— 4:6005 — (23) + (24) — (42) + (43) + (45) — (50) 
— 00751 — (21) + (23) — (33) + (4) — (45) + (46) 


+ 0:2560 — (30) + (32) — (38) + (39) — (51) + (52) 
— 1+3209 — (21) + (22) — (32) + (34) + (51) — (57) 
— 0:3795 — (32) + (33) — (46) + (47) + GI) — (56) 
+ 34800 — (12) + (13) — (36) + (37) — (58) + (9) 
+ 3°8353 — (37) + (38) — (52) + (53) + (58) — (61) 
— 31-5761 — (43) + (44) — (49) + (50) — (62) + (3) 
+ 03891 — (47) + (49) — (55) + (56) — (63) + (64) 
— 7°3847 — (47) + (48) — (54) + (56) + (66) — (69) 
— 8-3419 — (54) + (55) — (64) + (65) + (66) — (68) 
+ 39513 — (53) + (54) — (60) + (61) — (66) + (67) 
+ 1-107 + 23-8794 (1) + 44659 (8) + 6-5068 (14) — 25-4127 (15) + 18-9059 (16) 
— 52-4989 (18) + 38-5322 (19) + 13-9667 (25) 


= — 186-879 + 6-3085 (5) + 21-3384 (11) + 38-5322 (18)— 54-6772 (19) +15+54,50 (20) 
= — 20-416 — 47-9777 (7) + 3:0254 (8) + 15-5450 (19) — 51-9639 (20) 


+ 36-4189 (21) — 25-4049 (26) + 20-9017 (27) + 4:5032 (34) 

+ 380-3044 64-9480 (4) + 47-9777 (7) + 25-4049 (26) — 56-1484 (27) + 30-7435 (28) 

— 21-303 — 10-0002 (4) + 4:9700 (10) + 3-6719 (27) — 20+5459 (28) + 16-8740 (29) 

— 189-853 + 244760 (3) — 64-9480 (4) + 32-2462 (27) — 30-7435 (28) 

— 1-5027 (30) + 14-9285 (35) + 22-6416 (39) — 37-5701 (40) 

+ 28-698 —24-4760 (3) + 33-2739 (13) — 14:9285 (35) — 9-3537 (36) + 24-2822 (40) 

+ 105-982 + 113-1141 (2) — 33-9192 (3) — 29-3336 (9) 

— 45°999 — 11-7621 (5) + 5+4536 (6) + 13-0911 (7) — 17+5570 (8) + 18-9059 (15) 

— 38-5307 (16) + 19-6248 (17) + 26-6833 (26) + 14-8818 (33) - 41-5651 (34) 

+ 11-6338 (41) — 16-3694 (42) + 4:7356 (43) — 30°3233 (45) + 14-4320 (46) 

+ 15:8913 (50) | 

+ 88-132 — 27-9426 (21) + 35-7392 (22) — 77966 (23) — 14-4320 (45) 

+ 39°2756 (46) — 24-8436 (47) — 21-5618 (51) — 0-5050 (56) + 22-0668 (57) 

— 30-762 + 22-5811 (9) — 29-4067 (10) + 6-8256 (11) + 36-4189 (20) 

— 741581 (21) + 35°7392 (22) + 12-3277 (38) — 34-9693 (39) + 22-6416 (40) 

— 48-8249 (51) + 26°7574 (52) + 22-0668 (57) 

+ 9-233 — 54:1265 (9) + 22-5811 (10) + 11-6060 (12) — 448799 (13) 

— oe (27) — 1-4003 (30) + 2-9030 (32) + 26-7574 (51) — 28-0204 (52) 
1+2630 (53) — 62-2413 (58) + 35-3065 (59) + 26-9348 (61) 

: 19-077 + 18-8022 (30) — 50-1186 (31) + 31-3164 (32) + 24:3645 (37) 

—-14-5148 (38) — 9-8497 (39) — 14:6153 (81) — 1-2630 (92) + 15-8783 (53) 


368 PRINCIPAL TRIANGULATION. 


XXXVIL 0 = + 230:199 + 25-8376 (22) — 43-6823 (23) + 17-8447 (24) + 47356 (42) 
— 46°5505 (43) + 41-8149 (44) + 41-9225 (55) — 62-9999 (56) + 21-0774 (57) 
+ 22-1324 (62) — 38-6747 (63) + 16-5423 (64) 

XXXVIIL 0 = + 25-347 — 23-8572 (47) + 19-5781 (48) + 4:2791 (49) — 16-5423 (63) 
+ 32-5621 (64) — 16-0198 (65) — 13-2532 (66) — 11-4556 (68) + 24+7088 (69) 

XXXIX, Oo = + 69-198 + 2-9030 (30) — 19-8971 (32) + 16-gg41 (33) + 14-5148 (37) 
— 26-8425 (38) + 12-3277 (39) + 24-8436 (46) — 44-4217 (47) + 19-8781 (48) 
+ 26-9348 (58) + 14-1166 (60) — 41-0514 (61) — 32-4913 (66) + 7-7825 (67) 
+ 24-7088 (69) 


The logarithmic values of the multipliers are as follow: 


Log I = 9-9504678 — Log XIV = 01458103 — Log XXVII = 92731265 — 
II = 9:6325438 + XV = 0-0098870 — XXVIII = 8-8061610 — 
III = 0-0056570 + XVI = 9:2038683 + XXIX = 9-1688924 — 
IV = 0-7835832 — XVII = 9-8621625 — XXX = g-0604901I — 
V = 0-7866830 — XVIII = 0:2231397 — XXXI = 8-2076842 — 
VI = 9°3045681 + XIX = 9-0969240 — XXXII = 8-9040258 + 
VII = 0-:0748563 + XX = 9-3506273 — XXXII = 7-1870128 + 
VIII = 0-5874408 — XXI = g-2090051 — XXXIV = 8-5444322 — 
IX = 8-2550553 — XXII = 96827376 + XXXV = 8-7179146 — 
X = 01799876 — XXIIL = 9-1783546 — XXXVI = 7:8700567 + 
XI = 9-8644668 — : XXIV = 9-1173024. + XXXVII = 8-1212923 — 
XII = 0-0862690 + XXV = 9:3795405 + XXXVII = 3-4427748 + 
XIII = 0:0551282 — XXVI = 8-3307980 — XXXIX = 8-5068234 — 
FIGURE 21. 
Notation. 
IZ 17; IT BP — «B'R (6) CG (7) CF 
33 DD ‘23 DE (2 DG “ G'B Gr FA (13) FB (14) AC 
AE (16) AD (17) AB (18) AG (19) AF (20) BE (21) BD 
oe BGO (23) BF i BA (25) DE’ (26) DG es DB (28) DA 
29) DC (30) CE (31) CG (32) CD (33) CA (34) CF (35) EG 
0) ER 373 LG (38) EB (39) EA Ge) EC (41) EF (42) FB’ 
j FC (44) FG ves FE (46) FC (47) FR (48) FW (49) A’Q 
i ar Gh Dr tS pe (53) Dis (54) Qa’ (55) QB (50) QP 
oe QO (58) QS (59) QR (60) PQ 6x) PB 62) PH (63) PO 
137 PS tb OQ 0 OP (67) OH 68) of +23 a 7°) on 
- , he 4g 
(71) oy «(rn 3 SE RRS) ey ths) KO (84) K'M 
(78) EN (86 MO (87) MK (88) ME (89) MN (90) ML’ (91) ALK’ 
(85) VR" ( R NM (94) NK (95) NE (96) NL’ (97) KO (68) KH 
193) KF | se KL as KL 68 KN (103) EM ones EN (105) LM 
(283 LE ae EM', (108) ZL'M (109) L'N (110) L'K (111) WL : 





XIT. 
XITT. 
AIV. 
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XVI. 
XVII. 
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XIX. 
XX. 
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XATIT. 
XXIV. 
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AXVI. 


XXVITI. 
AXVIII. 
XXIX, 
AXX, 
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XXXIV, 


XXXY, 
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ALGEBRAICAL EQUATIONS OF CONDITION. 369: 


Equations. 


— 1-9605 + (11) — (13) — (22) + (23) 

+ 0-7348 + (9) — (11) — (20) + (22) — (36) + (8) 

+ 5:9907 — (12) + (13) — (17) + (19) — (23) + (4) 

— 17529 — (15) + (17) + (20) — (24) — (38) + G9) 

+ 1-4182 + (8) — (a1) — (21) + (22) — (25) + (27) 

— 3+7588 — (16) + (17) + (21) — (24) — (27) + (28) 

— 45374. — (14) + (16) — (28) + (29) — (32) + (3) 

— 4:9481 — (14) + (15) — (30) + (33) — G9) + GO) 

+ 2:0758 + (2) —( (7) — (42) + G3) 

+ 0:2797 + (30) — (34) — (40) + (41) — (45) + (6) 

— 50707 + (7) — (9) + (36) — (2) — 3) + G5) 

— 41145 — (5) + (49) — (54) + (55) 

+ 3:0329 — (77) + (78) — (80) + (82) 

+ 26955 — (53) + (72) — (78) + (80) 

+ 4:7781 — (49) + (53) + (54) — (58) — (72) + (74) 

— 49495 — (56) + (58) + (60) — (64) — (74) + (75) 

+ 21921 — (4) + (5) — (55) + (56) — (60) + 1) 

— I-1443 — (70) + (71) — (76) + (77) — (82) + (83) 

— 4:2297 — (57) + (58) + (65) — (71) — (74) + (79) 

+ 3:6534 — (63) + (64) + (66) — (71) — (75) + (76) 

— 16949 — (84) — (90) + (91) + (108) 

+ 2-9605 — (69) + (70) — (83) + (84) + (86) — (91) 

— 1-2312 — (85) + (92) — (96) + (109) 

— 2-6938 — (84) + (85) — (89) + (91) — (92) + (93) 

4-1-4675 — (87) + (90) — (101) + (103)— (108) + (110) 

“+ 21241 — (87) + (89) — (93) + (94) — (102) + (203) 

-+ 30067 — (68) + (69) — (86) + (87) + (97) — (293) 

— 58-6584 —(2) + (42) — (47) + (4) — (61) + (63) —(66) +(68)- ~(97) +(99) 

— 5:8508 — (87) + (88) —(100) + (103) — (105) + (106) 

— 1:4723 — (94) + (95) — (100) + (102) — (104) + (106) 

— 0:2615 — (95) + (96) + (104) — (107) — (109) + (111) 

— 27-999 — 6-6342 (9) + 9-3845 (13) — 4:2127 (20) — 38258 (22) + 8-0385 (23) 

+ 20-8691 (36) — 44-1826 (37) + 23-3135 (38) 

— 261-221 — 00-7961 (12) — 9:3845 (13) + 28-9920 (17) — 44-0215 (18) 

+ 15-0295 (19) + 27-2974 (22) — 8-0385 (23) — 19-2589 (24) 
+ 204-647 + 54070 (15) — 28-9920 (17) + 23-5850 (18) + 42127 (20) 

— 23-4716 (22) + 19-2589 (24) + 9:2397 (37) —. 23-3135 (38) + 14-0738 (39) 

: 202+550 + 13-4865 (8) + 66342 (9) + 4:2127 (20) + 8-g110 (21) — 13°1237 (22) 
20958 (25) — 3:0490 (26) + 0:9532 (27) — 20-8691 (36) + 44:1826 (37) 

— 23-3135 (38) 


© = — 918-817 — 109-2821 (16) + 241-1887 (17) — 131-9066 *(18) — 44-0815 (21) 


+ 146-9961 (22) — 102-9146 (24) — 45-0347 (26) + te 1906 (27 ye — 1391559 (28) 
3A 


379. 


AXXVIT. 
XXXVI 
XXXIX, 


XL. 


XLI. 


XLII, 


ALI. 


XLIV, 
XLV. 
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PRINCIPAL T'RIANGULATION. 


455°221 + 15-4301 (20) — 59-4236 (21) + 43-9935 (24) + 139-1559 (27) 
148-5888 (28) + 9-4329 (29) + 15-3329 (30) + 9-8467 (32) — 25-1796 (33) 
83-4889 (38) + 115-3664 (39) — 31-8775 (40) 

367-623 + 78-8604 (1) — 9-7285 (6) + 14-9171 (10) 

643°243 + 30-7023 (6) + 27-5493 (9) + 17-1498 (10) + 44-5404 (35) 
106-2786 (36) + 61-7382 (37) 

244-061 — 48-1713 (9) + 13-9364 (10) + 56-3423 (14) — 80-5999 (15) 
242576 (18) + 204-8841 (30) — 189-5512 (31) — 15+3329 (33) + 110-1816 (35) 
27°5493 (36) — 59-7197 (37) + 18-8506 (39) — 96-8618 (40) 

635°050 — 92-6894 (30) + 94-4381 (31) — 13-7487 (34) — 73-4662 (35) 
45°0260 (40) + 28-4402 (41) + 67-5498 (44) — 84-9732 (45) + 17:4234 (46) 
1664°735 — 51-7756 (6) + 17-2433 (7) + 27-2562 (9) — 46-0033 (10) 
2.9:4200 (35) + 57-8602 (36) — 28-4402 (41) + 81-1823 (43) — 166-1555 (44) 
84-9732 (45) 

876-779 + 77-4080 (1) — 12-1061 (2) — 22-8491 (6) + 17:2433 (7) — 11-0333 (42) 
81-1823 (43) — 70:1490 (44) 

194-682 + 45-5884 (5) — 9:2847 (49) + 63-0069 (52) + 7+3537 (54) — 7°3537 (55) 
98-790 + 15°4324 (53) + 141283 (72) + 10-5889 (77) — 24-7172 (78) 
20-9104. (82) 

26-220 + 8.4042 (49) — 35-0218 (52) + 25-7371 (53) — 34+7932 a 
20-6649 (74) + 14:1283 (78) + 7-6209 (80) 

3°570 — 13-8288 (80) + 31-4766 (81) — 16-5402 (82) 

177:265 -+ 4:8761 (49) — 81-1416 (50) — 111-3147 (51) + 20-6977 (53) 
13°3035 (54) + 19-1064 (58) + 16-9701 (72) — 33-1774 (73) + 16-2073 (74) 
32-4099 (59) 

604-267 + 136-1700 (49) + 81-1416 (50) + 2345767 (51) — 285-0058 (52) 
154°3496 (54) 

125-303 — 24+1273 (51)+20°6977 (53)+ 16-9701 (72)—23-5160 (73)+6-5459 (78) 
60-3536 (79) — 32-8902 (80) 

131-036 +22-1689 (4)—67°7573 (5)—19-4831 (49)—81-4922 (52) +27-7700 (53) 
17-9481 (60) + 0-9062 (61) + 17-0419 (64) — 5-0722 (72) — 27-7608 (74) 
32-8330 (75) . 

154:720—9+7023 (2)+15:1719 (7)—45-8543 (42) + 19-0886 (43)+26-7657 (48) 
12-3358 (49) + 22-0381 (4) + 20-3636 (49) — 7-3537 (54) — 10-9874 (55) 
18-3411 (56) + 0:9062 (60) — 15-4042 (61) + 14:4980 (62) 

137+623 + 53-5071 (52)—68-9395 (53) + 11-3588 (57) — 11-3588 (58) + 12-6884 (65) 
138077 (70) — 26-4961 (71) + 25-7371 (7%) — 25-7371 (74) — 14-6652 (80) 
41-4873 (82) + 20-5769 (83) 

121-885 —2+3297 (56)—11-3588 (57) + 13°6885 (58)+ 17-0419 (60)+ 16-4394 (63) 
33°4813 (64)— 12-6884 (65) —4-1825 (66) + 16-8709 (71) 

73°463 +64:0779 (3)— 86-2468 (4)+22-1689 (5) + 18-3411 (55)—48-7946 (56) 
30:4535 (57) + 22-0381 (61) — 30-2310 (62) + 8-1929 (63) 4+ 23-1319 (65) 
48-0532 (66) + 24-9213 (67) 

192+800 + 26+2888 (69)—40:0965 (70) + 138077 (71) +4-6312 (76) —15:2201 (47) 
10:5889 (78) + 7:0443 (80) + 2-9215 (86) + 7-6174 (99) — 10-5389 (91) 
123506 (108) 
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LVIL 0 = — 206-950—49-6832 (84)+ 67-1735 (85)+9:9179 (92)—33+2196 (93) + 23+3017 (96) 
+ 943990 (108) — 82-0484 (109) 
LVI, 0 = + 76-912—7-7497 (93)—15°5520 (94) + 23-3017 (96) + 52-5564 (101) —66+5390 (102) 
+ 13-9826 (103) + 28-7844 (108) — 82-0484 (109) + 53-2640 (110) 
LIX. 0 = + 357:962-+ 27-5031 (68)— 53-7919 (69) + 26-2888 (70) + 12-5471 (83)—30-0374 (84) 
+ 7:0955 (97) + 52-5564 (101) — 59-6519 (103) — 65-6146 (108) + 53-2640 (110) 
~ EX, 0 = + 2-000 + 20-4823 (62) — 36-9217 (63)-+ 16+4394-(64)+8-1929 (66)—~12-0777-(67) - 
+ 38848 (68) + 41-7771 (75) — 46-4083 (76) + 4:6312 (77) + 20-5769 (82) 
— 33-1240 (83) + 12-5471 (84) — 10-0941 (86) + 7-1726 (87) + 29215 (91) 
— 53:9679 (97) + 46-8724 (98) + 7-0955 (103) a gt ee 
LXI, 0 = — 32-121 + 29-7822 (2)+ 36-4680 (42)—47-1654 (48)+ 10-6974 (47)—71-8220 (3) 


+ 42-0398 (4) — 7-5401 (61) — 4-7493 (62) + 12-2894 (63) + 16-7284 (66) 

— 22-6236 (67) + 5:8952 (68) + 42-9876 (97) — 53-4156 (98) + 10-4280 (g9) 
LXII. 0 = + 184-809 — 7-2056 (87) — 48-3309 (88) + 55-5365 (89) + 35-9013 (100) 

— 102-4403 (102) + 66-5390 (103) + 82-5310 (104)—95-0913 (105) + 12-5603 (106) 
101-784 + 17-4903 (84)-+ 24-0221 (88) —31-6395 (90) + 7-6174 (91) + 13-7080 (100) 
37°9349 (101) + 24-2269 (103) — 18-5705 (105) + 14+3230 (106) + 4-2475 (107) 
+ 38-4457 (108) — 38-4457 (110) + 23-0296 (111) 


LAII. Oo = 


The logarithmic values of the multipliers are as follow : 


Log I = 0-0889695 — Log | XXII = 1:0044255 + Log XLII = 9-1856657 — 
II = 0-7414385 — XXIII = 0°4474535 - XLIV = 0-2679188 + 
WI = 9°1598588 + XXIV = 0-8086689 + XLV = 0-2221317 + 
IV = 0-3144831 — XXV = 9-7022154 + XLVI = 0-3703722 + 
V = 0°5532633 + XXVI = 6:6388290 + XLVII = 8-4438869 + 
VI = 0-1835627 + XXVII = 0-7439605 + XLVIIT = 7°8415347 + 
VII = 0:03164.56 + XXVIII = 0-2655749 + XLIX = 7-8332963 + 

VIII = 9:7149179 — XXIX = 9-8500314 + L = 8-1007712 — 
IX = 0-2311781 — XXK = 9-7550390 + LI = 0-0533081 + 
X = g-7II614I — XXXI = 0-5150703 + LIE = 9°5408247 + 
XI = 0-6504931 — XXXII = 9:4543977 — LIT = 0:0663444 -+ 

XII = 1-0061771 + XXXIII = 8-3100326 — LIV = 0-3207788 + 

XIII = 1+5279569 + XXXIV = 9-:0484461 ~— LV = 9-6277542 + 

XIV = 1-4947610 + XXXV = 9°4766255 — LVI = 94188744 + 
KV = 0:0023475 — XXXVI = 7-8149841 — LVII = 8-3802181 + 

XVI = 1°2535760 — XXXVII = 7-3617543 — LVIII = 87413799 — 

XVIL = 9+2336458 + XXXVIIT = 9+2565835 + LIX = 8-7259402 + 

XVIIT = 1-2985920 + XXXIX = 8-5993786 + LX = 9+5105849 + 

XIX = 0-3488471 + XL = 8-0282628 + LXI = 9-4364831 + 

XX = 1-4649921 + XLI = 8-2707860 + LXII = 7-1515108 + 

EXIT = 0-2983023 + XLIT = 8+8713732 + LXUL = 7+7187731 — 





CORRECTIONS 
RESULTING FROM THE PRECEDING EQUATIONS. 

















TIGURE I. | 
Correction Correction 
From To to observed To to observed | 
Bearing. Bearing. 
M“ fi 
SOUTH END OF BASE| Slieve Snaght + | — 0-0421 | SAWEL Cuileagh - + 0:0871 
| Drung Point - — 0-4376 Slieve ‘Snacht — 0:9424 
Cundtham + 0:0552 North End of Base| -+ 0-6104 
Mount Sandy -+| + 0-3869 Mount Sandy — 0+5706 
North Ind of Base | + 0-2616 Knocklayd - — 0:0825 
Lrostan + + 0+3748 
| VORTH END OF BASE|Sawel + + — 1:9580 Divis + 0-6845 
3 South End of Base — 0:2803 Slieve Daud + 0:0833 
Drung Point - + O-1759 Vicars Carn > + 090-8522 
Slieve Snaght + 00470] ; Savel 6 
Cundtham” + «| + 0.0587 | FNOCKZAYD - Moet Hnty i) ules 
miountsonndy, ) er Oi01a5 Slieve Snaght — 1:6367 
Trostan «+ +» -| + 0-4962 
DRUNG POINT Mount Sandy — 0:64.96 ap 43 
North End of Bass + B68; oe = ee weedea1 08 
South lind of Base} + 0o-5171 | rrosrans . Sawel + + + +] + 0.8335 
Slieve Snaght .| — 3-0660 
| CUNDTIAM Slieve Snaght + 00125 IKnocklayd — 01755 | 
Mount ey | + O-4012 Divis + + + «}] + 07348 
ey FE as «| — 04166 Slieve Donard — 0:2962 
orth Ind of Base; ~— 0-1746 . 
South Ind of ee + 0: ns pone aia Sis ce = ae 
Sawel + + Ft 05953 Slieve Snaght — o-lTli2 
MOUNT SANDY + Slee - ae + 0-1355 see v + ae 
: orth lund of Bbase| -+- 0-0350 | ae ; 
South Iend of Base | — o- et Slieve Donard S430 
Drung Point . + 0-2400 | VICARS CARN Cuileagh « «© «| — 31312 
Cundtham . .] + 054.23 Sawel + + + +] — 2-0329 
Slieve Snaght — 0:2585 Divis + + »| + 0-0045 | 
Knocklayd ; — 0°5054 Slieve Donard +| + 0-9675 
| szreve svacur- -|Cuilcagh . Siocon Cees — 0:3776 
‘ : Knocklayd —_ 4°5079 er Carn + I-1o48 | 
Mount Sandy + 0-0135 Sale : + O:3445 
Cundtham e 8 | + I°O513 Divi a . + 0 22.50 
North End of Bee +- 0°4.539 pee See A ea 
Trostan ; — 29824 | CUILCAGH lieve Snaght + | — 0-9642 
Divis + - — 61707 Sawel - . 6 + | + 0-0973 
South Lind of Base + 0-1429 Vicars Carn - + 1+4139 
Sawel - + + + 00-9528 Slieve Donard — 17017 
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TIGURE 2. 
Correction Correction 
T’rom To to observed From To to observed | 
Bearing. Bearing. 
‘i df 
CUILC{GH .+ + + {Keeper + + «| — 0-4289| xzEPER—continued | Kippure: - + +| + 2-0217 
Nephin - + +] + 0-0786 Knockanaffrin +] — 05632 
Sheve League — 0:0647 | 
Kippure + = — 3-0128 | AVOCKANAFFRIN + | Baurtregaum- +{| — 0-1896 
Croghan - + 1+4682 | Keeper + + +] + 0-2159 
| . Kippure + + — 2+2030 
SLIEVE DONARD + | Kippure + 05816 
| Croghan + + +| — 0-2957| BaURTREGAUM+ +{Bencorr + .- — OF4d 
Keeper +} — 11-4331 
AIPPURE + «+ «© Knockanaffrin + 1+2093 Knockanaffrin «| + O-4120 
| Keepers + - — 0:9425 
Croghan + . + I-so31] BeNcorr: + + «| Baurtregaum - + I-0107 
Cuileach . — 3:9239 Nephin © 6 6} me OT29L 
Slieve Donard — 03403 Keeper: + + «| — 0-2646) 
CROGHAN+ + 9 «6 Keeper soe ef + 154021 NMEPHIN + + + + Bencorr «+ «© «| + 0:8503 
Cuileagh « - +| + 5-4228 Slieve League -| + 1-6855 
Sieve Donard +} — 2.2389 Cuileagh - | — 04185 
Kippure + + «| — 165178 Keeper + + +| — 3-F501 
eee, = aoa abe OBS. SLIEVE LEAGUE» + |Nephin .- + +] — 0-4587 
Nephins + + «| + 0-6893 Slieve Snaght -| + 1-8829 
Cuileagh + «| + I-1030 Cuma: sf os! 5 By ee0hX7 3 
Croghan + + «} — o-o444| SLIEVE SNAGHT+ + | Sheve League +| — 0-0147 


eR Sa ie pe es ss Ps ie ES SS SS A 


© 








FIGURE 3. 
/ dl 
EIPPURE.» + + «|Galtymore «. .j| — 5-7867 BAURTREGAUM + «| Caherbarnagh +! + 0:5254 
| (continued. ) Hungry Hill» +} — o-1040 
KNOCKANAFFRIN +; Doolieve - + +{ + 0-3653 | 
| | Knockmealdown+| + o-o1a4]7igr + + + «© + | Caherbarnagh -}| — 0-1267 
Laur + + + 6! + 265485 Baurtregaum +. +} — 0:0785 
Galtymore .+.+| + 0-4027 Keeper + + ¢{ + 0-4345 
| | a Galtymore + +| + 0-5238 
KEEPER +» + + «| Knocknaskagh +! — o-5079 Knockanaffrin + | — 4-5896 
| Caherbarnagh + 0-3 944 | Knockmealdown «| — 0+8680 
; Taur + + + 1+1729 Knocknaskagh +} -+ 0-3830 


| + 
Knockmealdown + | — 0-8584 
+ 


Galtymore 0-5696 | ANOCKNASKAGH + | Doolieve... +. + | — 02074 

Carrigfadda + «| + 0-2088° 

1} Bt URTREGATAM . ° Galtymore % . ees 33516 Caherbarnagh - 04778 | 
Taur * © «© + 0°7909 Baurtregaum o eo] = 0-1816 
Knockmealdown + | -+ 0-7808 Taur - -| + 0-6513 

fSnocknaskagh +| — 1-9823 | Keeper © © *] — 29668 





374 PRINCIPAL TRIANGULATION. 


FIGURE 3—continued. 

















| Correction Correction 
From To to observed From To to observed 
Bearing. Bearing. 
ff 
ENOCKNASKAGH + »+| Galtymore — 0: 6327 CATERBDARNAGH Galtymore »| + 15694 
(continued.) Knockmealdown -| + 1-8638} (continued.) Knockmealdown - | + 3+3900 
, Knocknaskagh + 02863 
DOOLIEVE : Carrigfadda + 0+1323 Doolieve . — 14789 
| Caherbarnagh + 09473 Carrigfadda — 0:0976 
Knocknaskagh — 0'0227 
Galtymore + 28879 | WUNGRY HILL Baurtregaum + 0:0696 
Knockmealdown +} — 0-8486 Caherbarnagh + 0-7932 
Knockanaffrin + 64890 Carrigfadda — 0:29775 | 
CATERBARNAGH Hungry Hill . — 08170] CARRIGFADDA + Hungry Hill . + 0-3346, 
Baurtregaum + «| — 1:0795 Caherbarnagh -{| + 01628 
Taur «+ + + ©} + 02658 Doolieve - + +} — 10588 | 
Keeper + 27334 
FIGURE 4. 
KNOCKLAYD « + «| Merrick . o| —12: 9183 merricK—contuvued| Sea Fell am 0:0468 
Black Comb - + 00-1302 
| DIVIS + + Merrick — 1-6858 | 
South Berule - — 0:5780 | SOUTH BERULE : Kappure + « — I-6019 
Howth + +- 3+0094. 
TROSTAN + > e | Merrick + 3°5449 Slieve Deane — 0:3433 
Divis + + 24595 
SLIEVE DONARD «+ | Merrick + | + 01750 Trostan + 08993 
Criffel . «| — 0:3329 Merrick — 1+5201 
Sea Fell «| -- 19194 Criffel . + 0+5292 
South Berule- — 06820 Sca Fell = 0:84793 
Snowdon - — 04843 Black Comb - — 0-6319 
Howth - + O-1671 Ingleborough - + 2+4594 
: Snowdon - + 0+3038 
| KIPPURE «© «+ « Howth. - + «| + O-3121 
South Berule- -| — 3:9389] CRIFFEL - Sea Fell . - + 0+3022 
Snowdon - | — 0-3871 Black Comb .- + 44464 
| South Berule - — O-4194 
HOWTH ° Kippure — 0:2230 Merrick — 0:2780 
Slieve Donard + 0-9512 
. SCA FELL + Black Comb - + 00482 
MERRICK + ¢ «| South Berule. — 0:2646 Snowdon - + 43758 
Sheve onerd + 0-8982 South Berule . — 0°5789 
Divis +- 0:7600 Merrick + 1+2950 
Trostan — 0+3509 Criffel - ° — 2-6092 
Knocklayd + 02024 Great Whernside + 0-4044 
Criffel - . * | — O°1390 Ingleborough - + 29812 
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FIGURE 4—continued. 


375. 


From | To 


| SCA FELL—continued| Pendle . 
Whittle 
BLACK COMB» Snowdon : 
South Berule - 
Merrick 
Criffel . 
Sea Fell 
Ingleborough - 
Pendle - 
Whittle 
SNOWDON » Kippure + - 
| Howth - : 
Slieve Donard .- 
South Berule - 
Sea Fell . - 
Black Comb : 
Ingleborough - 
Whittle . - 
Axedge 


Whittle -. +» - 
Pendle» - + -» 
Ingleborough+ . 
Sca Fell . ‘ 
Holme Moss + . 


GREAT WHERNSIDE 


PENDLE + «+ + Snowdon - «+ .- 
| Black Comb . . 
Seca Fell -. ‘ 

Ingleborough - 
| MERRICK 2 8 Hart Fell. + .- 
; Wisp + + «+ « 
Cross Fell - + 

' CRIFFEL - Hart Fell - 


Dunrich - - 
Wisp - .- - 
Cross Fell . 





Correction 


[+ 


oe ee 


+l++] 


+++] 


_ to observed 
Bearing 


1:0079 
17864. 


1-8094. 
0°9525 
1-8145 
0-9644 
T-0943 
0-6939 
0:9586 
2-Q1I4 


0+8200 
I+2149 
3°9207 
3°6531 
1-72.29 
0-88.44 
2°4.104. 
1-1380 
1+7656 


06678 
0-3813 
0:0328 
0-4964 
65275 


2+2990 
16505 
0-0917 
0-194 





PENDLE—continued 


From 


WHITTLE « 


MOWCOPT « 


AXEDGE 


HOLME MOSS + 


FIGURE 5. 


df 
20541 | SCA FELL « 
0:04.77" 


06502 


0-7285 
2»4089 


1-3396 | GREAT WHERNSIDE 


3°0593 


To 


Great Whiernside 


Holme Moss - 


Axedge 
Whittle 


Axedge 


Mowcopt - 
Snowdon - 


Black Cothb’- * , 


Sea Fell 


Ingleborough - 


Pendle . 


Great Whernside 
Holme Moss - 


Snowdon ° > 


Whittle 


i] 


Holme Moss . 


Axedge 


Mowcopt - 
Snowdon - 


Whittle 
Pendle - 


Ingleborough - 
Holme Moss - 


Axedge 


Whittle ~ 


Pendle - 


Great Whernside 


Hart Fell « 


Wisp 
Cheviot 


* 


Cross Fell. 
Water Crag - 


Cross Fell 
Water Crag 


* 


[sat Botton Head - 
Se, nS re 





Correction 
to observed 
Bearing. 


bee e b b. Ohepobee  choeaee bo deeb oe. | 


Lr | 


J+++4+ 


4 

0°5576° 
0+8033 | 
1°3799 
I-O515 


06523 
6-4.766 
1-2829 


°0*4058 | 


O-l7 II 
O-0166 
0-19726 
0°2387 | 
0+5839 


0-9823 
0°9457 
0°5225 | 


o-1818 


0:2621 | 
02.264 | 
1:3566 | 
2°5745 
2°3305 | 
1-9097 


1+2792 
I-O116 | 
O+1235 | 
O29744 
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FIGURE 5—continued. 

















| Correction | | Correction 
From To to observed From To to observed 
Bearing. Bearing. 
‘i fl 
HART FELL +» + «© | Criffel - + 2°5777 | SAYRS LAW—cont. -| Cheviot +» + +| — O-O15! 
Merrick +- 0+5700 | | 
Dunrich — 00-6895] CHEVIOT + + «+ +|Cross Fell + +} + o-0149| 
Sayrs Law + 08013 Sea Fell . + -} + 22880 
Cheviot — 015531 Wisp + + + «1 — 00723 
Wisp - - — 0:6347 Hart Fell - + 02277 
Cross Fell — 1-5806 Dunrich — 0:0303 | 
Sea Fell + 0+3700 Sayrs Law + 0-2463 
Lumsden : — 0-888 | 
'TISP «© © e« « e i Cyiffel - .« + 1-8705 Blackheddon - + | — +5242 
Hart Fell . — 0-5697 Iasineton + + + | — 0-0687 
Dunrich - + O+3515 Wordeslow + +| — 0-8625 
Sayrs Law — 0:6244 Botton Head - — 0:2200 | 
Cheviot — 1+5334 _ | Collier Law + 0:2176 
Cross Fell — 1:+3660 | 
BLACKHEDDON + + | Cheviot + 08279 
CROSS FELL,» «© *|Scea Fell .- .* +} + 3-1672 . Dunrich — 11-3858 
Criffel - | = 29441 Sayrs Law — 0+3220 
Merrick — 09523 Lumsden - + O-2105 
Hart Fell . + 0-2619 | 
Wisp - + + +©|— r-0519|ZUMSDEX+ + + + | Sayrs Law - +.0°5038° 
Dunrich + 4+ .6 | + 44155 Blackheddon . + 0-8132 
Cheviot + 22-7016] | Cheviot ; — o-6911 
Collier Law - + 0-4182 . 3 
Botton Head - —~ 2:0497 | COLLIER LAW + +| Water Crag . — 0-7879 
Water Crag -| + o-48ro Cross Fell. - + 05428 
Great Whernside | — 2-1688] Cheviot + — I-RI01 
Ingleborough - — 2.2879 «| Wordeslow -| — 0-2246 
ar Iasington + + +] -+- 04158 
WATER CRAG .« +|ScaFell - : + 0-7176 Botton Head.» |» |. — 0-0723 
Cross Fell - — 0:3718 
Collier Law - — 0-3719 | WORDESLOW. + » | Great Whernside+! — 0-1809 | 
Wordeslow - — 27750 Water Crag « +} — 2+5964 
Easington’ + +} + 0-7810 Collier Law « +-{ + 0-6654 | 
Botton Head «| + 1-0310 Cheviot «+ + «| —o-griy 
Great Whernside | — 1-4403 Easington - ~| + O-2181 
Botton Head - + 0:0835 
DUNRICH « «© + +|Criffel. - «© «| + 06800 ; 
Hart Fell . — 1-4663| BorTon HEAD «+ «| Great Whernside | — 0-6276 | | 
Sayrs Law + 01997 Water Crag . + 1+3896 
Blackheddon’. '— 0+3334 Ot Cross Fell- *- + |° + 0-6183 
Cheviot 4+. 90-0120 , Collier Law « + | + 064727 
Cross Fell — 09-0681 Wordeslov +» «| + 2.2806 
Wisp . -+- 0:6017 Kasington e 8 — 0:4799 
SAYRSLAW « « «| Wisp +. — 0-9644] EASINGTON + ‘+ ‘+ | Botton Head . + 0-:0722 
Hart Felt 2 + 29960 | Water Crag - + 1+3327 
Dunrich « + +} — 0-5946 ~~ | Collier Law « + | — o-57e4 
Lumsden + + +{ + 00825 Wordeslov + +| — 0-0850 
Blackheddon + .{ — O-1185 Cheviot «© + «{ + 1-331 
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I°IGuRE 6. 
Correction Correction 
From To to observed From To to observed 
Bearing. Bearing. 
“il 4/ 
FAIR ISLE + + +|¥Fonla -.- + 0:-4936|RovnAS: + + + +} Foula - — 1-0084 | 
Ronas - — 13974 Saxaford — 0:0793 
Brass — 1I+5170 Fetlar - — 252350 
, Yell + I-00r5 | 
FOULA+ + + + «|Ronas: + + 04069 Brassa - + 0-3377 
Yell + O-4151 | 
Brassa - + 01584] FETLAR + + « + | Brassa - — 01983 
Fair Isle — 03182 Yell + 0-9324 
| | | | Ronas - + 065157 | 
[prasst + + + «| Fair Isle - + 0:9464 _ | Saxaford — 0:3647 | 
Foula — 0-1047 Balta + + «+ +{ + 0-9339 
Ronas - -| — O-7071 | 
Yell + + + +} + 01628] Bazza. «© - + + | Fetlar- - + +} — 06720 
Saxaford -| — o-©704 Yell + + © +] + 0-1098 
Fetlar - - «© «} + o-or14 Saxaford « + -| + 0-248: 
FELL + + + + «|Brassa+ + + +| —0.02943|Sixuronp + - -|Fetlar. + + «| + 31-2007 
Foula - + + +} + 03148 Brassa > + + + | — 0:2750 
Ronas + + + .+| ~ o-1351 Yell + + + «| — 2-8100 
Saxaford + + +] -- 0-72297 Ronas + + + =| + 25483 
Balta + + + «| —o-24I0 | Balta - + + +] — 0-19731 
Iretlar - + + «| — 0+3469 
FIGURE 7. 
“u “ 
BEN CLIBRIG ©» + |Fashven + + +| — 0-0599| BEN HUTIG—cont. -| Ben Cheilt + +) + 0-3237 
‘ ~ | Ben Hutig - -| — 0-4570 Searabin - + -+| — 0-4692 
Witty Hill» + -| + 06511 Ben Clibrig + +} + 09195, 
Wart Hill Hoy -| — 1-1637 | 
Dunnet Head -| — 2-7430| scaraBbIN« + + +1} Ben Clibrig « -; — o-o811 
South Ronaldshay| + 1-1713 Ben Hutig + +| — o-Zr15 
Ben Cheilt + -| — 0-9785 Wart Hill Hoy -! + 0-0499 
Scarabin - + +] — 0-0606 Dunnet Head +} — 05682 
South Ronaldshay|} + 1-8724 
FASHVEN . + «© «| Wart Till Hoy «| — 0-9556 Ben Cheilt - -| — 0-1453 
| Dunnet Head — 0:2212 | | 
o 2 = Ben Hutig + -| + 00-0096] BEN CHEILT + + ~+|Scarabin - — O-lI22 
| Ben Clibrig - + 0:2783 Ben Clibrig - + 1°9325 
—— Ben Hutig - -| + 1-4488 
BEN Wore + « « | Fashven — 3°9326 Wart Hill Hoy -| — 0-7504 
Witty Hill. — 0-3810 South Ronaldshay | — 1-3038 
Wart Hill Hoy «| + 0-4377 
South Ronaldshay| — 0-6483 | DUNNET 1EAD - - | Ben Cheilt — 01868 | 
Dunnet Head — O-1505 Scarabin- - + -| + 27982 
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Figure 7—continued. 

















Correction Correction 
From To to observed From To to observed 
he Bearing. | | __ Bearing. 
DUNNET HEAD—cont. | Ben Clibrig - °+ | + 0-0532 | STRONSAY Deerness - + °+| — 6+2004 
Ben Hutig — 0:3065 Wart Hill Hoy -| — 0-0633 | 
Fashven - + +} + 2-0636 Fitty Hill. +| + 1+2130 
Wart Hill Hoy -| + 0-07%70 N. Ronaldshay 
Deerness + + -| — 27116 Lighthouse- -- | + 0-1753 
South Ronaldshay | — 0-0443 Start Lighthouse: | — 0-2688 | 
| Fair Isle +} — 0-4129 
WART HILL HOY Ben Cheilt + 1+4740 : | 
7 Dunnet Head - — 3°2921 | FITTY HILL - Wart Hill Hoy -| + 04390 
Searabin + 3-0118 Ben Hutig "se | — 0-0131 
Ben Clibrig + 08454 Foula - - +| — O-1916 
Fashven + 1-3331 Hair Isle - + +] + 1-1037 | 
Fitty Hill - — 0°1696 N. Ronaldshay 
N- Ronaldshay Lighthouse - — 0-0090 
Lighthouse - —~ O-0197 Start Lighthouse | ~— 0-3208 
Start Lighthouse | — 0-6875 Stronsay - + | — 0-2509 
Stronsay - | + 1-1836 Deerness *- ° "—"0+5029 
Deerness - - -{ — 0-6991 | 
South Ronaldshay| + 0-1059 | FAZR ISLE *+ Stronsay - + +| + o-2g941 
: gt Start Lighthouse | — o-3441 
SOUTH RONALDSHAY | Ben Cheilt + 0-2861 N. Ronaldshay | 
Scarabin — 1-3744 — Lighthouse — 1-1841 | 
Ben Clibrig - — 20055 | itty Hill. - +: |. — 0-4009 
Dunnet Head — 0+3243 Foula . + 0+4936 
Ben Hutig . -{ — 1-4648 
Wart Hill Hoy -| — 0-2179| FOULA - Start Lighthouse | +- 1-8031 
Deerness - + +| + 0*5690 N. Ronaldshay , 
: Lighthouse-"" - | + 00-9799 
DEERNESS + + + | South Ronaldshay| — 0-5238 Fitty Hill. - +) — 0.2382 
—_ Wart Hill Hoy -; + 0:6399 Fair Isle - . «| — 0-3182 
. Witty Hill. - -| + 0-5751 . _— 
an Stronsay + + +| + O-1641 oe | 
a ee amarante ae OO Ny 
Figure 8. 
/ 4/ 
pen rarreyit + + | Ben Heynish .| + 0-7156| pew won, suzy - | Ben Tartevil . — 0-9705 
Ben More, Mull .{ + 0-2592 Ben Heynish - + 0:2428 
Jura - «| — 0.3762 Ben More, 8. Uist} — 0-4327 
| Storr + + + +] + 0-2793 
JURA Ben Tartevil . + 1-5959 Ben Nevis + 0+3202 
Ben Heynish . — 07559 Jura + + - + 0-1994 
Ben More, S. Uist | — 0:0571 : 
Ben More, Mull. | — O-1412 | BEN LEYNISH -.| Ben More, 8. Uist | — 1-1740 
Ben Nevis Storr -« <« «+ 





+ 09-1862 
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FicgurE 8—continued. 





Correction 
to observed 
Bearing. 


to observed From To 


Correction 
Bearing. 





| From To 











4f 
BEN HEYNISH—cont.| Ben Nevis - + 1-5497 | sToRR—continued -| Ben Nevis -- +} + 0-0568 
| Ben More, Mull — 0+3863 Ben More, Mull -| — 1-2307 
Jura + 0-7883 m : | 
Ben Tartevil - —0-4092|RUREA + + + +|Storr - + + +} — 09471 
: : Cleisham - + 0:2953 
BEN NEVIS + + .|Jura - + 02429 Monach -| + 0-8504 
- . + | Ben More, Mull - — 0-9049 | Cnocghiubhais -| + o-1559 
Ben Heynish - + 0-6802 
— ‘Ben More, S. on + 1-2982| cLEISHAM +++ +} Ben More,S. Uist} + 2-7278 | 
& Storr — 05965 North Rona - + 27912 
| Mamsuil — 0:0225 Monach — 03563 
Scournalapich — 0-0383 Cnocghiubhais + 1+3845 | 
. Fashven + 0+5908 
MAMSUIL + + +--+ | Ben More, Mull-| — 0-0796 es Ru Rea + | — 02534 
| Ben More, 8. ie —~ 07437 Scournalapich -| + 2-4404 
Storr ; — 06502 Mamsuil - + -| + 5:0870 
Cleisham - + 07440 Storr +--+ + +] — 12232 
Scournalapich + 0:6832 : 
Ben Nevis — 01039]. wonacu +--+ + + {Cleisham - >| -- o- 1895 
| North Rona «+ +} — 0-5398 
SCOURNALAPICH +} Mamsuil - — 12697 Cnocghiubhais -| + 0-0268 | 
Ben More, 8. Uist + 0-0261 Iashven - o| — 15262 
Cleisham - - — 0-2880 | © Ben Clibrig - -| — 0-0784 
Monach + + «| + 0-4968 Scournalapich + | — 1-49714 
Ben Clibrig - + 1-3066 7 Ru Rea «+ + -| + 0-2097 
Ben Nevis -+ --| + 0-4676 Storr + « + «| + 0-5960 
BEN MORE,-S. -vurst | Cleisham + + +] — 0-0262| BEN CLIBRIG + -|Scournalapich -| — 0-3829 
. Storr -| — 00684 Storr - + + +{ — o-7r182| 
| Scournalapich + o-r081 Monach - + -| + 1+5460 
Mamsuil - — O-1274 -. & cw fh : 
am 4) oe Ben Nevis: + +1 — 0-9583 | FASUVEN+ «+ °- Cleisham + + +| + 6-1978 
Ben More, ea + 0-4142 Monach + + -| — 1-3202) 
Jura + + — I-2131 Cnocghiubhais -| — 4:5296 | 
Ben Heynish . + 0-6544 North Rona oo | — 24222 | 
STORR+ + -« + - | Ben Heynish - — 1-0133| BEN HUTIG +--+ + | Cnocghiubhais: -| + 09905 
, Ben More, S. rt + 02576 North Rona + -| + 0-4766° 
Cleisham - + 0-5 504 | 
Monach — 1-3489 | CNOCGHIUBHAIS - Monach -{ — 0-7031 
ssw se et Gnocghiubhais — 0-7851 North Rona - «| — 3-2460 
Se RuRe, . . + 0-7025 ee Ben Hutig -- +] + 0-0060 
Ben ar ; — O-9g1I9 Fashven - + +{ + 0-8700 
Mamsuil - -| - 1-2632 7 


-~ tw eee , ware oe 
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3B 2 


380 


FIGURE 9. 


PRINCIPAL TRIANGULATION. 





From 





| pEN HUTIG - 


BEN CLIBRICG 


1 SCARADBIN « 


BEN CHEILT : 


BEN WYVIS + 


SCOURNALAPICH 


MAMSUILE + «+ 


BEN NEVIS . « 


1 BEN MACDUL 


Ben Wyvis 


Ben Wyvis 
Corryhabbie 
Ben Macdui 


Ben Macdui - 


Ben Wyvis 
Mormonth 

Cowhythe - 
Knock - 


Corryhabbie - 


Knock - 


Corryhabbie - 


Ben Nevis - 
Mamsuil 


Scournalapich 


Ben Hutig 
Ben Clibrig 
Scarabin 
Knock - 


Corryhabbie - 
Ben Macdui - 


Ben Wyvis 


Corryhabbie - 
Ben Macdui - 


Ben Wyvis 


Corryhabbie - 


Ben Macdui - 


Glashmeal - 


Ben Lawers - 


Ben Wryvis 


Corryhabbie . 


Ben Macdui 


Ben Lawers . 


Ben Lawers . 


Ben Nevis 
Mamsuil 


Scournalapich 


Ben Wyvis 
Ben Clibrig¢ 





Correction 
to observed 
Bearing. 


J ++ Littte 


LP t+ t+ 


apap abt eter 


|} ++ ] | 


[+1 +++ 


1+2593 


T*5917 
1-0054 
1+1723 


2+4383 
5°1029 
0+3803 
0°3836 
2.6693 
04787 


4°7148 
2°Q611 


I-4351 
I-I102 
I*5010 
1*7747 
90-0298 
3°6930 
0°3759 
r-0018 
0:02.38 


0+2323 
1-7802 
0°5976 


30-9867 
0-5169 
0°5327 
0:0392 
O45 3 


0-4851 
00854 
O-4361 
0:0007 


0+2.503 
0-5884. 
0:0837 
I-L1O5 
0°2676 
02268 





From 


BEN MACDUI—cont. 


CORRYHABBIE + 


KNOCK 


COWLHYTHE 


e 


MORMONTH + 


BEN LAWERS 


GLASHMEAL.« o¢ 


Searabin 

Ben Cheilt 
Corryhabbie - 
Mount Battock . 
Glashmeal - 


Glashmeal - 
Ben Macdui - 
Ben Nevis 
Mamsuil 
Scournalapich 
Ben Wyvis 
Ben Clibrig 
Scarabin.. - + 
Ben Cheilt 
Cowhythe - 
Knock - 
Mormonth 
Mount Battock - 


Ben Cheilt 
Cowhythe 
Mormonth . 
Mount Battock . 


Knock - . 
Corryhabbie . 
Searabin 

Ben Cheilt 


Mount Battock 
Corryhabbie - 
Knock - 
Searabin 


Ben Cheilt . . 


Jura * ,e * ,e 
Ben More in Mull 
Ben Nevis 
Mamsuil 

Ben Macdui . 
Glashmeal - 


Ben Lawers - .- 
Ben Macdui - 
Corryhabbie . 
Mount Battock - 





-oeL ETE FLEE FLEE FL EEEE IL te tet 


Correction | 
to observed 
Bearing. 


be oe 


ae” ele ae ff 





O-1 509 
O-O1II 
04664 | 
0+0233 
0:0323 


0°0263 | 
0-2861 
0:2423 
0-9879 
0°3340 
0-2017 
1-6290 
01278 
1-7074 | 
90-0982 
0:1360 
0°1237 


90-0702 


08828 
0-2218 
0-0868 


1-5499 


02634 
0°4749 
2°4843 
0:6037 | 


0:2567 | 
O-1617 
0-5484 
0-78.48 
07634 


0:7287 
0:04.87 
03307 
0°5979 
0+2507 
0:0990 


O+5009 

1+4984 | 
0-3762 | 
0°77 42 | 
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FIGURE 9—continued. 
Correction | Correction 
From To to observed From To to observed 
Bearing. Bearing. 
Mf ‘Me 
MOUNT BATTOCK Glashmeal-_ - + 0-2950| DEN MORE, MULL + | Ben Lawers - — 3:0967 | 
Ben Macdui - — 0-1560 
Corryhabbie - — 03067 | JURA + + Ben Lawers - — 0-4408 
Knock - + 0:0653 
Mormonth — 0:0029 
FIGURE Io. 
: “ “ 
uounr BATTOCK -+ | Dudwick - + 0-7456 | DUDWIcK—cont, Mount Battock -| — 1-5933 
Blue Hill . — 03830 | Corryhabbie - — 0:0466 | 
= Knock - — 1-2138 
BEN MACDUI + Dudwick - + 0+4439 Mormonth + 1+8233 
: Little Stirling + 0:6318 
CORRYHABBIE + Dudwick - + 03190 
: BLUE WILL Mount Battock +} + 0-5059 
(NOCK Dudwick - + I-O113 Mormonth +- 24901 
oe Dudwick . —~— 0:2684 
MORMONTH ' + - Dudwick + - — 0:-6358 Little Stirling — 04858 
Blue Hill- - — 0+7068 
Little Stirling — 0:4390 | LITTLE STIRLING Blue Hill - + 07589 
| Dudwick - — 0+5397 
| DUDWICK - Blue Hill . + 0-6514 Mormonth: | - + 1-0807 
FIGURE 11. 
“ ‘i 
| SLIEVE SNAGUT « Ben Tartevil - — 5:3480 | MERRICK - Jura + + — 1-0859 
Jura — 6-9694 Goat Fell - — 0-1874 
Ben More, Mull | — 1-0276 
[NOCKLAYD - Ben Tartevil - — 0:2057 Ben Lomond - — 1+4036 
7 Jura — 0:0376 Ben Lawers - — 1:9774, 
Ben Lomond - + 1-8246 Ben Cleugh - — 10259 
Goat Fell + 0-8683 
. HART FELL .+ |» Goat Fell- - + 08327 
seed , Ben Tartevil . — 25430 Ben Lomond: 4. ae 
ae 253123 Ben Lawers + + 06308 
Goat Fell - me eae Ben Cleugh - + 20522 
DIVIS Goat Fell . — 71948 
DUNRICH + Ben Lomond: + | — 0°8744 
| CRIFFEL +,» Goat Fell . + 46193 Ben Cleugh + +} — 9°355 
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FIGURE 11—continued. 








Ben Lomond - 


1+9522 


Correction _ Correction 
From To to observed From To ‘ |’ to observed 
Bearing. Bearing. 
i] df 
SAYRS LAW - “| Ben Lomond. -| ~— 3-4941 | BEN LOMOND Goat Fell - | + 46334 
| Ben Cleugh — 09-2071. Knocklayd o] — 02424 
Ben Lawers' - — 0-7081 Jura + + + +] + o-4ggr 
Glashmeal - [= [+2755 | to i, Mull «| — 0-1339 
Mount Battock -| + 1-6711 ies eee a tee 
LUMSDEN - Glashmeal’ - +} + 2-8880 | Ben oes Uber 
_ Mount Battock -| + 1-5803 ae i n nies 
ar * ° 
GOAT FELL + Slieve Donard _ 0°3540 
Divis + + > ~~ 9°93°° | pew CLEUGH Merrick + + *¢{ — 21-1591 
Trostan | eee eee Goat Fell - * | + 03769 
Knocklayd Foot Ben Lomond- +| — 131-0536 
Slieve Snaght + 0-1993 Ben Nevis + +| + 0-195 
Jura ost | + 0:0838 Ben Lawers-- +| + 0:0965 
Ben More, Mall -| — 0-6080 Ben Macdur s + 0:303% 
Ben Lomond. -| + 01438 Glashmeal- .» + | + o.2267 
Ben Lawers_ ° = 0:6798 Mount Battock .- -+- 0°4346 
Ben Cleugh . — 0:0707 Sayrs Law = 1-4998 
Hart Fell . — 02918 Dunrich - . —~ 0:0919 
Criffel - + 1-1828 Hart Fell. .- + O87 
Merrick — O1475 
South Berule . — 04428 ; Merrick ‘ecees 
BEN LAWERS errick + + + 0-50 
BEN TARTEVIL + Slieve Snaght + 0-6429 Goat Fell ves ee 
Trostan + 1-1078 Ben Lomond - -+| + 0-333 
Kooaend =) + 998 a orto Pare = 
JURA «© «© * Trostan + + +{| — 0-:9348] _ Hart Fell - + 0°7974. 
ane hae coe) + sat ‘ 
Mount Sandy = +| — 9°5997 | paw arsopur. Ben Cleugh - + 0°6698 
po mmm m= Shieve Snacht — 1-6905 Boer bad ; 4. bccn 
Ben Lomond - + O-17 54 | 
Goat: Fell - + 0-734 | | 
Merrick + 1-9191 | GLASHMEAL - Ben Cleugh . + 291200 | 
BEN MORE, MULL Ben Lomond > et + 0-178 1 | = Ben Cleush . esas 
. Goat Fell . +{ = 0886 | 797777 cea Damatea + Bae 
sayrs Law O-I 
| DEN NEVIS -« + Ben Cleugh . — 0+2003 y — 994 
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a a 


| CRADLE + 6 | 


| PRECELLY 


LUNDY ISLAND |» 


| PARACOMBE + 


| DUNKERY . - 


| WeVDIP «is . 


“¢ 


PILLESDON . 


P iuanal 


| UGH WILHAYS . 


To 


Dunkery ._. 
Paracombe : 
Precelly 
Mendip - 


- | Cradle - 


Dunkery - 
Paracombe 
High Wilhays 


‘Lundy Island 


Hensbarrow - 


‘Trevose Head 


Precelly . 

Paracombe .- 
High Wilhays 
Brown Willy . 


High Wilhays 
Brown Willy - 
Lundy Island 


‘Precelly + - 


Cradle. + -« 
Dunkery - - 


+ | High Wilhays 


Brown Willy . 
Paracombe 
Precelly 
Cradle - 
Mendip . 
Pillesdon ': 


Pillesdon - 


| High Wilhays 


Dunkery . 


| Cradle - 
- | Barrow Hill - 


Figh Wilhays 
Dunkery . 
Mendip 


Deadman .- 
Hensbarrow - 


Brown Willy. - 


Lundy Island . 





FIGURE 12. 


Correction 
to observed 
Bearing. 


PEP teed oFeitit tltile+ 
° D00nHC 0 
i g = 
= 5 £ 


| 1 pe 
O 

5 OC 
qn 
\O 
oO 


++ 1 | 
DO OC 
Oo 
in 
Oo 
[ee 


+ O-244I1 


+ 0+1236 





From 


HIGH WILHAYS «+ 


(continued. ) 


RYDERS HILL 


BARROW HILE + 
MAKER TOWER + 


BROWN WILLY + 


TREVOSE HEAD - 


HENSBARROW + 


DEADMAN  « 


To 


Precelly .- -- 
Paracombe 
Dunkery - 
Mendip 
Pillesdon - 
Ryders Hill - 


Deadman : 
Hensbarrow - 
Brown Willy 
High Wilhays 
Pillesdon - 
Barrow Hill - 


Hensbarrow ‘ 
Maker Tower 


Ryders Hill - 


Pillesdon - 


Deadman - 


Hensbarrow - 


High Wilhays 


Barrow Hill - 


Deadman - 


Hensbarrow - 


Trevose Head 
Lundy Island 
Paracombe 


High Wilhays 


Ryders Hill . 


Lundy Island 


Brown Willy - 
Hensbarrow - 


- | Trevose Head 


Lundy Island 


Brown Willy - 


High Wilhays 
Maker Tower 


Barrow Hill - 


Deadman - 


Hensbarrow - 
Brown Willy - 
-High Wilhays 
Ryders Hill - 





Correction 
to observed 
Bearing. 


Pia bse 
i. 
e 
Oni 
Me 
Co 


tel tt 
Oo 
O 
co 
as 
vo) 


+ 0+2926 | 
+ 0:0436 | 
ti 1+3863 


+ 0-3798 
+ 04.559 
— 2+4705 
— 0:72.49 | 
— 3:0935 | 
+ 0-5201 
+ 0+2423 


— [1227 
— 0:9722 
+ 09340 
+ 0°3356 
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FIGURE 13. 











Correction 

From To to observed 

Bearing. 

fi 
HENSBARROW Goonhilly - — 0:2565 
Karnbonellis - + 3-0118 
Pertinny - + 08779 
Karnminnis + I+1020 
St. Agnes’ Beacon | + 0-9432 
| DEADMAN » Goonhilly - — 0+4872 
Karnbonellis - — 1+4458 
St. Agnes’ Beacon | — 2-3356 
TREVOSE HEAD + St. Agnes’ Beacon | — 0-6766 
Karnminnis + 0°3462 
Karn Galver - — 05612 
| GOONHILLY + » Wolf Rock + 0-0482 
- Pertinny - — O-1I05 
Karn Galver - + 03275 
Karnbonellis - + 0:°3267 
Hensbarrow - — 1-2062 
Deadman .- + 05516 
| KARNRONELLIS + Karnminnis + 08271 
| St. Agnes’ Beacon | — 0-0423 
Tensbarrow - +- 0:6969 
Deadman - — 05487 
ST. AGNES’ BEACON: | Karnbonellis « +} + 5°1037 
Karnminnis — 0-9814 
Trevose Head + 3°3729 
Hensbarrow - + 90-0106 
Deadman - — 40314 
| KARNMUINNISe + + |Pertinny - + +| + 06811 
Karn Galver - — 0:5726 
St. Martin’s Head | — 0-9688 
‘Trevose Head — 11-6787 
Brown Willy — 04708 
St. Agnes’. Beant +- 0-0039 
Hensbarrow ° + 1-0114 
Karnbonellis . «| + 0-0545 
|KARN GALVER «¢ «¢ Pertinny e « «| + 2-0139 
St. Agnes’ Lighth. | + 0-1823 
Peninnis Windmill| + 0:0943 
Telegraph Tower | — 1-8798 
St. Martin’s Head | + 1-1657 
Beacon Hill, iia 

cow - — 0:8377 
Trevose ref ead +1 -+- 0-0074 





From 


KARN GALVER ‘+ * 
(conturvued.) — 


PERTINNY 


PENINNIS WINDMILL 


TELEGRAPH TOWER 


ST. MARTIN S IBAD 


BEACON HILL, TRES- 
COW. 


To 


Karnminnis ‘+ ° 
Hensbarrow 
Karnbonellis . - 
Goonhilly . 


Wolf Rock .. 
St. Agnes’ Light- 
house 
Peninnis Windmill 
Telegraph Tower 
St. Martin’s JIead 
Beacon Hill, aes 
cows + « 
Karn Galver - 
Karnminnis + ; 
Hensbarrow - 
Karnbonellis - 
Goonhiliy. - . 


St. Agnes’ Licht- 
house . 
Beacon Hill, Tres- 
cow - 
Telegraph Tower 
St. Martin’s Head 
Karn Galver - 
Pertinny 


Wolf Rock 


Peninnis W. Mill 

St. Agnes’ Light- 
house - 

Beacon Hill, Teds: 
cow: - 

St. Martin’s Head 

Karn Galver’- 

Pertinny - 

Wolf Rock 


Peninnis W. Mill 
Telegraph Tower 
Beacon Hill . 
Karnminnis 

Karn Galver . 
Pertinny . 

Wolf Rock 


St. Agnes’ Light- 


fiouse 





Correction 
to observed 
_ Bearing. 


ox 
— 4:2636 


-}- 


| 


ra 


}++I[ i 


ff 
1-5621 


0-0052 
0-4.766 | 


0-2398 


0-1425 
O-O5TI 
O-1681 


1°4.326 


2.0989 
0-6195 
1*3931 
0+3938 
10424. 
+5084 
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FIGURE 13—continued. 








; Correction | : Correction | 
From To to observed From To to observed 
Bearing. Bearing. 
fi “ 
BEACON HILL, TRES- | Karnminnis — 0:8327| BROWN WILLY + + | Karnbonellis . -| — 3-1102 
cow—continued. | Karn Galver - + 18924 St. Agnes’ Beacon| — 7-7507 
| Pertinny —~— 0:6758 | Karnminnis + + | — 1-g101 | 
St. Martin’s Head + 19751 | 
Telegraph Tower | — 0:8773| rrpers wizzL + +1|Goonhilly. - -| — o-1859_ 
Peninnis W. Mill | + 0-4698 


FIGURE 14. 





BEACON HILL .+ + | Wingreen- + «| + 090-8302] STOKE WILL - ee — 
Westbury Down-} + 0-1483 Westbury Down- + 
Stoke Hill — O-4091 . Milk Hill . — 
Milk Hill . + 0:9153 Inkpen: — 
Inkpen. — 0-0614 Beacon Hill . a8 
Dean Hill. — 0:5064 Dean Hill. + 
DEAN WILL +» .+« «+ | Winereen- »' — 1-8301 | WILK WILL + + + | Wingreen - + 
Westbury Down-| + 0-9520 Stoke Hill + 
Stoke Hill — 015273 | Westbury Down: | + 
Milk Hill . — 0:94.75 Upcot Down - - 
Beacon Hill.- .- |. + 0-0581 Inkpen + + +] + 
Inkpen + 0+1605 Beacon Hill - _ 
Dean Hill - 
WINGREEN + .« + | Westbury ee — 02921 
Inkpen - ; -- 0-981 . : ar a 
Beacon Hill. « — 7a87 acueeee eae 4 
Dean Hill- + 0°5954 Wingreen ; 7 oo 
Westbury Down: | + 
WESTBURY DOWN + | Upcot Down - + 0:2340 oad ae 
Mille Hill = Bane Pee 
Stoke Hill .- «| — 01775 . 
Inkpen + + +} + 0-2177| 7pcor Down «+ + | Milk Til. + 
Beacon Hill - + 03839 Stoke Hill — 
Dean Hill. — 0:0460 Westbury eoun +0 
Wingreen - — 1-0800 Inkpen + 
FIGURE 15. 
7 Mi vd 
MILE HILL + + +|Mendip - + +| ~ 0-1189] BEACON HIZL + + | Coringdon. — 2°5579 
Swyre Barrow + 0: 9975 
upcor pown + +«|Mendip + .+ ,+| — 0-0096 Mendip - + 0-056 | 
Butser Hill — 1+8433 
INEPEN + .+ 4 + | Mendip + + +] — 13194 Dunnose - — 0-5640 
Butser Hill . -|] +o. 5919 9 
Dunnose + |» +} + 0-3389| DEAN HILL + + + | Coringdon + Or2710 | 
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FIGURE 15—continued. 

















Correction Correction 
From To to observed From To ‘to observed 
Bearing. Bearing. 
ff / 
DEAN HILL —cont. Swyre Barrow — 2:7977 | CoRrINGDON—cont. +) Butser Hill + 1-4588 
Horton’s Gazebo: | + 1-0438 Dunnose_ - — 1-1838 
Butser Hill + 0-1166 
Dunnose - — 11-2125 | SWYRE BARROW High Wilhays — 2+2.790 
| , Black Down . + I-1121 
WINGREEN + Pillesdon - + 0:6396 : Pillesdon - + 0-2062 
Mendip - + 1-0604 | Wingreen + + «| — 04936 
Butser Ehill + 1-0831 | Horton’s Gazebo - | — 5°3401 
Dunnose - o |b 222651 Beacon Hill . + 0-3646 
Hlorton’s Gazebo | + 0-5043 Dean Hill- | -+.0-1707 
Coringdon. + 0-3107 Coringdon — 0-7091 
Swyre Barrow °-| + 0-9484 Dunnose - : + 1+3656 
| WESTBURY DOWN '+|Mendip «- .- + 0-9776| BLACK DOWN -+ «+ | Barrow Hill . — 0:2667 
) Ryders Hill — 0:0404 
BUTSER WILL *« Dunnose — 0:0873 High Wilhays + 0-0761 
Coringdon. — 1-3128 - Pillesdon - >| — 07582 
Wingreen. . — 1+3068 Horton’s Gazebo. | — 0-3048 
Dean Hill. -. + 1°5016 Dunnose'-*+ *+} + 0-2832 
Beacon Hill . + 0-8748 Coringdon — O-1791 
Inkpen. . + o-6180 Swyre Barrow + 00743 
DUNNOSE + + Swyre Barrow — 0-2204| WENDIP +: - | Inkpen. +1 + O-g144 
| Coringdon + 0-4842 Westbury Down- | — 0-5628 
Black Down . — 074395, Beacon Hill . + 1-7603 
Torton’s Gazebo: | + 0-9125 Wingreen - -. + 0-1132 
Wingreen- .- + 00765 7 | | 
Dean Fill - — 0-5291 | PILLESDON ; Wingreen - + 1-6762 
Beacon Hill - — 0:4603 Coringdon + 08006 
Inkpen. + 0:3749 Swyre Barrow — 06319 
Butser Hill + 0+5568 Black Down - + 1-6611 
| CORINGDON - Swyre Barrow + 0-1932 | BARROW HILL ° + Black Down - — 1I+4390 
Black Down - — 10752 
Pillesdon - + 0:0075| RYDERS HILL + Black Down - — 01648 
Wingreen - -| -+- 90-0109 Swyre Barrow — 1-6258 
Horton’s Gazebo- | + 2°1795 7 
Beacon Hill . + 0-0405| wGH wizuAys~ +|Black Down . -| + 13-7199 
Dean Hill - + O-1597 Swyre Barrow — 0-9015 
FIGURE 16. 
‘i ; . if 
CRADLE - | Malvern -| + 0-5230] WILK HILL + - | Whitehorse Hill -| + 2-1644 
Broadway Tower | — 0-3887 


Whitehorse Hill - | — 0-8134] vpcor Down ‘+ °+ | Whithorse Hill: |} —*o-0196 
Whitehorse Hill -] + 0-0134 
. | Leith Hill Tower | + 0.2504. 





18119 | ZVKPEN «° 


MENDIP 
| 1-0996 |. 


Malvern’. °-°.- 


Whitehorse Hill 


++ 
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Se a a a 


FIGURE 16—~continued. 

















, , Correction Correction 
| . From To to observed From To to observed 
1% Bearing. Bearing. 
4d ff 
BUTSER HILL «+ . Leith Hil owe + 0:4745| EPPING cuPorA +| Dunstable + -| + 0-7579 
Ditchling . . — 04846] (continued.) Wrotham - + +|— 2-3769 
DUN NOSE+ ++ + | Ditchling - - +{ + 1-5858|curverorp + + -|St.Paul’s- - — 0:0793 
' Beachy Head . + 1-1529 Leith Hull “Tower — 0+2700 
e . _ Berkhampstead + 0:2563 
J WALVERN+ + + + | Mendip + 03738 Wrotham - — 0:5638 
ae ae eae Gee Cradle aes — 0-4074 ++ | Severndroog - + 0-2241 
Arbury Hill . + 1-0108 
Broadway Tower} — 0-4655|SEVERNDROOG - ~ | Leith Hill Tower} + 0-2108 
Whitehorse Hill -| + o-7445 St. Paul’s + 0-0945 
| Berkhampstead — 10344 
WHITEHORSE HILL+|Mendip . — 4:2468 Chingford - — 0:0966 
| Cradle - + 2-4566 Epping Cupola -| — 0-2013 
Malvern ~— 1-9652 Wrotham . + 0-2072 
Broadway Tower] + 12-7912 
Arbury Hill . + 09-1022] wroryAm . - . | Crowborough: — 00-7070 
Dunstable» -« «| — 0-6184 Ditchling - — 02315 
Leith Hill Tower | — 0-6796 Leith Hill Tower + 0-0977 
Inkpen - — 06354 St. Paul’s - — 1+3096 
Upcot Down - + 2+4010 Severndroog - — O-1222 
| Dunstable - — 2+5686 
BROADWAY TOWER» } Cradle - + 0:2594 Berkhampstead — O-9441 
Malvern . + 03619 Chingford - + 04858 
Arbury Hill ---| — 0-3849 Epping Cupola + 1+-4866 
Whitehorse Hill - | — 0-1894 Fairlight ; + O-3I1I0 
|ARBURY HILL + + | Broadway cour — 1-4692| LeirH HILL TOWER | Butser Hill — 07884 
Malvern + 0-0782 Inkpen: - — 1+5763 
“Dunstable. "4. 0.2628 3 Whitehorse Hill - + 0°6463 
| | Dunstable - + 14773 
DUNSTABLE » + + | Whitehorse Hill-| + 0-4790 Berkhampstead — 0:4687 
as Arbury Hill . + 00929 St. Paul’s - + 0°49729 | 
Epping Cupola -} — 0-2021 Epping Cupola — 0:24.33 
‘Berkhampstead -| — 1-5237 Severndroog « — O-1575 
Wrotham - + -|— 0-7478]. : Wrotham - + 01379 
| Leith Hill Tower | — 0-4014 Crowborough - — 0+3051 
: Beachy Head - + 05739 
| BERKHAMPSTEAD + | Leith Hill Tower | — 0-8734 Ditchling - + +2192 
cr a Dunstable - — 03071 
: Let a | oscil . : nee CROWBOROUGH: - oe Hill Tower | — o0a78 
Meise ah. ae Ae rotham - + 0*3097 
pe verndrovg, ° + 0°9647 Rairlicht — 0:9823 | 
— St. Paul’s - + 02760 Proce ? 
poo CUPOLA + |Severndroog + -| — 0-1403 | FAIRLIGHT + + + | Beachy oe ’ — o-1651 
i es | Leith Hill Lower | — 0-3547 : Ditchling - a] ee Orda 
: 7. SV St. Paul’s “1 + 16958 | ne Gee phomuehs ef} + O-22TT 
ie ee : Betkchampstead -|— 99947 : - + 1 Wrotham - | — 0°0267 


Se oe ee 


i et ee 
Sachadiiteteeatiihinenemen oteeet oo ae - a ae Meee ee ee ae ee 
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Figure 16—continued. 














Correction Correction 
From To to observed From To to observed 
: Bearing. Bearing. 
4f ff 
DITCHLING + + Dunnose — o0-8250 | pITCHLING—cont. + | Beachy Head - — 0:0034 
Butser Hill + 0-2400 
Leith Hill Tower | + 0-111 | BEACH Y HEAD Dunnose — 0:0392 
Wrotham - — 01809 Ditchling .° .- — 1-6566 
Crowborough - = 0-9635 Leith Hill Tower er; — 00-0841 
Fairlight , + 1-3548 Panrheht ° + O-s4II 
eee ern aan) 
FIGURE 17. 
fi 
KIPPURE + _ Ballycreen +- ¥-4987 | BALLYCREEN—cont. | Snowdon - + 29-1158 
| Precelly — 08249 Precelly — 1+5099 
: Tara — 1-8999 Tara « — 0°3250 
| CROGHAN » Mount Leinster - | — 0-8402 | PpRECELLY Forth - -| + 1-9766 
| Mount Leinster -| + 8-3726 
KEEPER Mount Leinster -| +- 2-2976 Tara : — 0-4281 
Kippure — 1-2920 
KENOCKANAFFRIN Ballycreen — 0:77903 Snowdon - + 1°54096 
Mount Leinster -| — 1-1894 Cader Idris + 0:3209 
Forth » + 07923 Plynlimmon - + O-4179 
svYOWDON: Sia 4-1-2979 | CRADLE Plynlimmon .- + 04277 
avn + 14776 Cader Idris — 0-6561 
Cyrn-y-Brain. + 1+5386 Snowdon - »| — 2.0787 
Longmount Pole | + 4-3601 Longmount Pole | + 0-1864 
Plyntimmon : + 0:6365 
Cader Idris > + O-2171 | MALVERN+ + « «| Longmount Pole | + 1-6678 
Bardon - +1 — 0-3150 
FORTH + Knockanaffrin + 0+3253 
Mount Leinster -| + 0-0210] BRroADWAY TowzER: | Bardon —~ 0°5079 
Ballycreen — I-9150 
Tara « + + — O°21429 | ARBURY WILL «+ Bardon + 08985 
Precelly + 0-4435 
LONGMOUNT POLE + |Cradle- + » — 0°7323 
TARA. #8 ee 8 Forth ; : + | = TT OOT Plyniimmon - + 0:0767 
Mount Leinster .| — 0-82.78 Cader Idris + O-1641 
Ballycreen + 45583 Snowdon - + 23109 
Kippure ne + O-QILO Cyrn-y-Brain +] + 0-0993 
Snowdon . ~— 54.284 Mowcopt ° of + 05026 
Precelly ° 8 a2 2°7265 Axedge a .% = 1-8017 
Bardon « . . + 1-6388 
BDALLYCREEN Torth + -| + 03954 Malvern . . — 0-8g01 
Mount Leinster .| — 0.1642 
ets Knockanaffrin — 0-4838 | BARDON + «+ °* Broadway sone — 0:94.28 
Keeper - . + 0:6466 Malvern 0-2521 
Kippure «+ . —~ 0:6725 | Longmount Pole + 1+4504 
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FIGURE 17—continued, 











Correction Correction 
From To to observed From To to observed 
| Bearing. Bearing. 
a ee Ss a ek te tee es a 


‘/ ff 
| Barvov—continued Mowcopt + + +| — 2-2963] 2zowcopr—cont. .- | Cyrn-y-Brain + | — 0-0047 | 
Axedge + + +| + 6-8833 Bardon + - + | — 1+4838 
Arbury Till» +! + 3+9590 | 
| AXEDGE + + + + |lLongmount Pole | + 1-6702 
CYRN-¥-BRAIN + + | Snowdon - + +| — 3-7428 Cyrn-y-Brain ‘| + O°2g2aT Yt 
| ; Axedge -| + 2-3913 Bardon + + +| + 3-4806 
Moweopt 7 + I-0156 
Longmount Pole — 0:9945 | WOLME MOSS: + + | Cyrn-y-Brain +| — 2.1089 
mwowcopr + + + | Longmount Pole | — 1-4401| wairrze + + + «| Cyrn-y-Brain +! — 2-0999 
IFictre 18. 
a tate co hte en pe ee 
Ml / 
EPPING CUPOLA +» | Danbury - - -| ~— 0.4880 | rri7vrenrreLtp—cont.| Paddlesworth - — 0O-7404 
Gads Hill - «| — 0-2037 
GADS WILL + + + | Severndroog - + 00880 
SEVERNDROOG + + | Gads Hill — 2:2889 St. Paul's - + +4300 
Epping Cupola + 0+3481 
WROTHAM + + + {Danbury . - + 0:9820 Danbury + > — 0:6057 
Sk ay — 1:3074 Norwood + + +| — o-31118 
epee + 10908] vonwoop » + »|Wrotham+s » + | + 0:0579 
Frittenfield — 04749 Gads Hill» » .| + se 5 
: are : Danbur o} + T-004 
LEITH HILL TOWER | Frittenfield + 1-7540 Walton’ Tower ee io 
. St. Peter’s Church | +- 0-14.12 
BEACHY HEAD + + | Frittenfield + I+1947 Dower 
FAIRLIGHT «© + «+ | Frittenfield + 0+3254 pURtCREC — 23975 
Paddlesw orth + 0-0192| DANBURY+ + + «| Gads Hill. — 0°6595 
Wrotham - + 03810 
PADDLESWorTH + | ¥arrlight . — 0+3099 Severndroog - — 2-2587 | 
Crowborough + 0-2754 Ispping Cupola + 2:0703 
Vrittenfield + I-+1000 Walton Tower + 0:0553 
Walton Tower — 0:1363 St. Peter’s Church | + 2-0142 
St. Peter’s Church | — 0-0905 | Tower 
Tower Norwood - — I-I0gI 
Frittenfield + + 14768 
[| PRITTENFIELD + + | Fairlight + + «| + 0-7913 | 
Beachy Head . — 2-8560| ST. PETER’S CHURCH | Paddlesworth — 01468 
: | Crowborough +| + 0-2520] TOWER Frittenfield - + 1+4266 
Leith Hill Tower — 00462 Norwood + + +- 1-0960 
Wrotham - + 0+5969 Danbury - o | — 293227 | 
Danbury ’ of 1+1803 Walton Tower - -+- 06924 | 
Norwood - + 1+1878 
Walton Tower — o-oo15| WALTON TOWER «| Danbury - + 04262 
St. Peter’s Church | — 0-0599 St. Petor’s Church — 3°1790 


Tower ‘Tower 











Ie2221 











390 PRINCIPAL TRIANGULATION. 
Figure 19. 
Correction Correction 
From To to observed From To to observed 
Bearing. Bearing. 
| fi ‘f 
| DUNSTABLE ° Tharfield - — 04073 | OTLEY - Stoke Tower - — 2-2213 
| Naughton. .- + 1°9779 
BERKHAMPSTEAD Thaxted + 3-1319]. Mickfield - . + 0-4631 
| Walton Tower + 0-1940 
| EPPING CUPOLA Tharfield - — 2-1634 : 
Thaxted — 0:2408 | MICK FIELD Naughton - — 24584 
| Lawshall - + «| — 1-975 
DANBURY Thaxted . . + 0-0873 South Lopham +} + 1-7766 
| Lawshall’.— - — I-7571 Otley - — 0-2355 
Naughton - + 1-5071 ~ a; iB 
Stoke Tower - + 21301 | ZAWSHALL + + Thaxted — 0:0528 | 
| Balsham + 0-1892 
| WALTON TOWER Stoke Tower - + 0-3083 Brandon Tower -| + 0-4964 
| Naughton - — 0-1244 Swaffham - — 1-6863 
Otley + 0:4736 South Lopham + 0-5348 
Mickfield . .- + 0:6503 
THARFIELD » Berkhampstead -| + 2-4306 Naughton -— — 2:2.796 
Dunstable - — 08353 Stoke Tower - + 0-0918 
Ely Minster . — 21245 - 
Brandon Tower -| + 0:2073 | DALSHAM > Tharfield ° +0 0609 
Balsham . - + I-IO40 Iily Minster . + 0:4963 
Thaxted . - — 06971 Swaffham. . — 0:8967 
Epping Cupola + 012572 Lawshall . . — 0-1824 
| Thaxted . . + 0:2275 
THAXTED + + + Epping Cupola -| + 0-4184 
Berkhampstead -| + 1-2733|2LY MINSTER . Tharfield - + 0-5713 
Tharfield - — 1+7992 | Swaffham - + 0+1238 
Balsham — 0:4772 Brandon Tower + | — 0-5259 
Lawshall + - — [+4400 Balsham =. - — 0:2713 
Stoke Tower - -| + 1-9423 
Danbury - — 2-4726| SWAPFHAM + + + {| Brandon Tower -| — 29-4446 
| Ely Minster - 4-1-3219 
| STOKE TOWER + «+{|Danbury - — 0:6301 } South Lopham — 1-3711 
| Lawshall - — 0:4242 Lawshall . — 02076 
Naughton - — 0-8302 
Otley - — 0-0281 | sourm Lopuam+ + |Lawshall » + -| + o-1a9 
Walton Tower + 0-2015 Brandon Tower -| — z-0144 
| | Swaffham. .« «| 4 1-38.53 
NAUGHTON «+ ° Stoke Tower - — 0-0f04 Mickfield «©. °. | ~ oy 565: 
Danbury + 22618 
Thaxted —~ 0-3801 | zrawpon TOWER - | Tharfield . . — 0-338 
Lawshall . + 0-6763 Kly Minster . + 0-47434 
South Lopham + 2+4023 Swaffham. . + 0+4387 
Mickfield . + 23793 South Lopham — 1:0680 
Otley ° ° ~ 0-04.58 Lawshall ° sas 0+3183 
Walton Tower _ 
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7 FIGURE 20. 
Correction Correction 
__ From To _ to observed From To to observed 
Bearing. Bearing. 








eee er es 


“ | 
| WALTON TOWER Orford Castle: +| + 1-4656 | BUNWELL—condt. Laxfield - + +] + 01817 
| ZAWSHALL +" - Hingham . — 0-:9536 | HINGHAM - Brandon Tower «| — 1-7186 
: = Swaffham - +- 1+4600 
BRANDON TOWER + | Hingham - — 08044 Baconsthorpe - + 1-073 
Bunwell — 2-9173 Norwich Spire +{ + 0-0958 
; Bunwell: .° .-: — 05570) 
OTLEY. « Laxfield + 1°5357 South Lopham — I-L104 
Orford Castle - + I-2519 
| SOUTHWOLD + Orford Castle - + 0-758 | 
| MICKFIELD - -{Bunwell -° + «| — 2.9728 Laxfield — 3°3163 | 
| Laxfield — 3°5792 Tofts Tower - + 1-0073 | 
7 Gorleston - — 0:02.46 
SOUTH LOPHAM + Hingham . + 0-8659 | 
| Bunwell: -> +> +} + 1-7025 | 7orTS TOWER Laxfield — 0:2299 
Laxfield + 3°5404 Bunwell — 0:6854 
Norwich Spire + 0:3354.| 
SWAFFHAM + Baconsthorpe - + 0-6942 Happisburgh . — 01369 
Wingham + + +| — 1-0044 Gorleston - + 0:0273 
| aa Southwold.- . — 0:0770 
ORFORD CASTLE Walton Tower + 1-2096 
| a Otley - + + «| — 1+3402} NORWICH SPIRE Bunwell + 171297 
Laxficld «© + +] + 0-140 Hingham - . + 1-4839 
Southwold. + 0-7665 Baconsthorpe - — +3605 | 
: aoe : — 4°2402 
LAXFIELD Otley + +. +, +] + 0-6672 ag lem F 20093 
Miclfield 18 — nea ne ieee + 2°5794 | 
| Coa rie + 1-9533 ‘ace + 00955 
unwe — 07538 ; 
Norwich Spire _ oo 6 | BACONSTHORPE + ea ee +F 0+3037 
Lofts Tower - — 01263 Hap -cbun ol = a a 
Southwold -+ 0+3033 Novtrich Sot " ee Le 
Orford Castle - + 02353 orwich spire + 0-331 | 
GORLESTON - Southwold — 21010 
| BUNWELL +" Mickfield - — 0-4607 Tofts Tower - + 0-6114) 
} South Lopham + 08679 Norwich Spire — 0:0397 
Brandon ‘lower -| + 0-3978 Happisburgh - + 0:04.57 
Swaffham - — 0:6723 ? | 
Hingham - — 00-5723 | ZAPPISBURGH - Norwich Spire + I+2600 | 
Baconsthorpe - — 0-1633 Baconsthorpe - — 02034 | 
Norwich Spire +] + 0-0532 Gorleston - — 0:-7470 | 
Lofts Tower - + 0+2.786 Tofts Tower - + 02225 
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FIGURE 21. 
Correction Correction 
From To to observed From To to observed | 
Bearing. Bearing. 
é/ ‘i 
| BARDON + Back Tor - + 4:4441 | CLIFTON BEACON Crowle» +» >» — 00749 
| Lincoln Minster-| + 1-1644] (contenued.) . Lincoln Minster + | + 1-2414 
Buckminster - + 28175 
Tilton» + + +| + 3-4813 | ZINCOLN MINSTER - | Bardon + +, +| — 1°9848 
Naseby Church | + 1-3486 Axedge + » +. 16626 
Tower Back Tor - + +| ~ 3-7951 
Clifton Beacon + 1+3892 
AXEDGE + Back Tor - — 04030 Crowle - — 0+3037 
} Lincoln Minster + | + 6-8877 Boston: + +. +] + 5-2840 
Buckminster - +| — 0-5650 
| ZOLME MOSS-. + Garforth Cliff — 4:0704 | 
Clifton Beacon + 8.5350] ARBURY WILL. + Naseby Church | — 0-3277 
Back Tor - + 08877 Tower 
Hanslope Spire -| — 0-0301 
GREAT WHERNSIDE York Minster + | + 2:4675) p onipey . Hanslope Spire «| -+ 1-9409 
Br des Naseby Church | + 2-7417 
| BOTTON WEAD °* Acklam Wold + | — 13-1278 Lower : 
York Minster — 38752 Keysoe Spires +] + 24500 
| ACKLAM WOLD + Crowle- + + +| + 0-5809|Au4sEBY cuurcy | Arbury Hill + +} — 3-99734 
| Clifton Beacon +] + 11-5598] TOWER ~ | Bardons « + «1 +4 2.01972 
Garforth Cliff + | + 1-3310 Tilton + + + «| — 9.1849 
York Minster + 4:0979 Easton Tower + 31-5088 
Great Whernside | — 0-6772 Keysoe Spire - + 6+4331 
Botton Head - — 0-8116 Hanslope Spire «| + 2-5600 
YORK MINSTER - Clifton Beacon + 04066} 77LTON : Naseby Church | — 1-9796 
Garforth Cliff — 1:1763 Tower 
Great Whernside | + 2-°1452 Bardon - + 21631 
Botton Head - — +2370 Buckminster + +} — 0+8136 
Acklan Wold — 05709 Easton Tower +11-7850 
a Keysoe Spire » + 0-97355 
GARFORTH CLIFF + | Holme Moss - — 1-6076 
Great Whernside | + 5-0110| EASTON TOWER + Naseby Church | + 1-0528 
York Minster + O-1905 Tower 
Acklam Wold + 1-7878 Tilton +. +. +. + | + 8.1934 
Crowle. . + 1-4939 Buckminster - «| + 10945 
| Boston Tower + 1-0132 
CROWLE + + + Clifton Beacon + 0-64.54 WalpoleSt. Peter's! — 1.5687 
Back Tor + + +©| — 2-9347 Ely Minster 7 — 5:8211 
Garforth Chiff — 1-4626 Keysoe Spire «| — 2.4798 
Acklam Wold + 2-6186 
Lincoln Minster + | + o- 5484.| KEYSOE SPINE - Dunstable» . «| — O-O194 
Hanslope Spire +] + 0-4534 
| CLIFTON BEACON +\ Back Tor - + +| — 0-6340 Naseby Ch. Tower | + 13-7314 
| | Hole Moss + -{ + 8-2329 Tilton «© 6 6 of 4 0-7781 
Great Whernside | + 0-3563 Easton Tower — 2-4992 
York Minster — 03081 Ely Minster « + 35184 
Acklam Wold -| — 2-0708 Tharfield . . — 00-5046 
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FIGURE 21—continued, 














Correction Correction 

From | To to observed From | To - to observed 

Bearing. Bearing. 

Mu | uw 

THARFIELD + + «| Hanslope Spire +} — 1-5585|z¥xv zowzR—cont. | Docking Tower «| — 1-1794 
Keysoe Spire. +| + 0-1694 Swaffham + + + | — 01851 
BALSHAM + + + « | Keysoe Spires +| + 0-7971 | Boston TOWER + + | Easton Tower +} — 3-6780 
| Buckminster + +} + 1-8109 
ELY MINSTER « ~ | Keysoe Spire: + I+1594 Lincoln Minster+| + 4-4909 
Easton Tower + 29451 Docking Tower «| — 7-9679 
Walpole St.Peter’s} + 1-0520 Swaffham. + +) — 3.9543 

Lynn Tower - + 1-8218 Lynn Towers + | ~ 2-5441 
Walpole St. Peter's}! — 1-5316 

WALPOLE, ST.PETER S| Kaston Tower +2199 : 
| ; B cab F °°31321 poorrvg rowrr + | Lynn Tower: -| + 0-6245 
oston Lower + 20348 r : 
Doclkane Powekn| case: , Walpole St. Peter's} — 02060 
Eonn : 23 Boston Tower + | &+ 04950 | 
ynn Tower - — 15121 B 

Swaffham . + O-I7Q1 a a (am 


Ely Minster . . 28718 swarrray +» » + | WalpoleSt. Peter's) + 5.7977 


Lynn Tower + +| + 3-9192 


}2INN TOWER «+ + | Ely Minster + -| — 1-0513 Boston Tower +} + 3-7631 
WalpoleSt. Peter’s} + 2:2323 
Boston Tower + 2-6426 | BAconsTuORPE+ + | Docking Tower -} + 0-4040 





a 


CONNECTION OF SPECIAL POINTS 


WITH THE GENERAL TRIANGULATION. ~ 


The corrections given in the preceding pages, 1,554. in number, enable us to determine the most probable 
relative positions and distances of 218 principal points; before proceeding, however, to the calculation of the 
triangles, there remain the extremities of five base-lines, and several sector stations and observatories, whose 
positions with reference to the above points must be accurately determined. We proceed to give the [equations 
of Condition necessary for these determinations, and the corrections to the observed bearings that have thence - 
resulted. os 

Hounstow Heratn Base. 


The triangulation for the connection of this base-line is shown in Figure 22. The points in this figure 
that are already fixed, are Leith Hill, Wrotham, Severndroog, Epping, Chingford, and St. Paul’s Cathedral. 
Those to be fixed are Banstead, St: Ann’s, Hanger Hill Tower, and the extremities of the base, King’s Arbour 
and Hampton Poorhouse. The station here called Leith Hill is not identical with that used by Captain Kater 
in 1822, nor with that of General Roy in 1795; their relative positions will be found at page 25. The station 
Wrotham is identical with that of Captain Kater, but at a considerable distance from Gencral Roy’s station of 
that name. The stations Severndroog and Chingford are identical with Captain Kater’s stations of 1822 ; the 
former is a few. inches distant from General Roy’s station (page 35). ‘The station Banstead is 6-2 fect south 
(more exactly, 357° 7’) of the old station of that name; and from the station on Hanger Hill Tower, the old 
station of Hanger Hill (1792) is distant 504-8 fect in the direction 269° 4’ 24”. 

The remaining points, King’s Arbour, Hampton Poorhouse, and St. Ann’s Hill, are identical with the points 
so called in the first volume of the “ Account of the Trigonometrical Survey.” 

Instead of writing the geometrical Equations of Condition at full length, it will be sufficient to indicate 
them thus: ABC prefixed to an algebraical equation indicates that that equation arises from the sum of 
the angles of the triangle ABC being necessarily equal to a known quantity, and A: BCD prefixed to an 
algebraical equation indicates that the equation arises from the necessary relation — 


AB AC AD _ sin ACB sin ADC sin ABD 
AC AD AB sin ABC sin ACD ‘sin ADB 
An inspection of the table of calculated corrections following the equations, will show to which bearings 


the symbolical corrections (1) (2) (3) ..... are respectively attached. 


Equations of Condition. 


y ALD'B' o= + 2°9782 —(3)+(5) +(9) — (17) 

un. MD'C oO = — 2°4845 ~ (5) + (8) — (15) + (17) 

mum. GIB Oo = — 0'6694 —~ (2) + (4) + (18) — (24) 

iv. GAL,’ Oo = — 3°8794 — (2) + (3) — (9) + (13) + (18) — (25) 

vy. GD'D O= — 2°4362 — (2) +(7) + (18) — (23) 

vi. LGB Om + 2°7352 ~(1) + (2) — (18) + (20) — (27) + (30) 
vu. LIMB’ O= + 4°3I5t —(1)+(3) —(9) + (29) — (29) + (30) 
vir. LKM Oo = — 3°2068 — (10) + (11) — (26) + (29) + (31) — (33) 

ix. HKL O = + 0°2864 — (26) + (28) + (31) — (32) — (34) + (35) 

x. HLG 0 = + 2°g060 — (19) + (20) — (27) + (28) — (34) + (36) 


xr B's: MCD’ o = — 308°675 — 2020300 (5) — 291°5474 (8) — 180°6479 (9) + 95°2285 (15) + 85°4194 (17) 





CONNECTION OF SPECIAL POINTS. 395 


= — 117°312 + 147°5334 (3) + 9°1600 (5) — 79°8601 (9) + 41°26g0 (14) + 38°5911 (17) 

— 80°636 — 101°6736 (5) + 70°5458 (14) — 203°3259 (16) + 132°7801 (17) 

= + 39°243 + 29°6466 (2) — 68-1250 (4) + 274314 (18) + 74°9657 (23) — 77°3971 (24) 

= + 184150 + 40°4729 (2) — 192°2492 (3). — 216°6342 (5) + 1476042 (7) + 52°4533 (18) 

+ Il°4121 (23) — 63°8654 (25) 

xvi A’: MGD' o = — 269°889 + 9° 1600 (5) — 10670036 (7) + 30°5365 (13) — 69°1276 (14) + 38°5911 (17) 
+ 115°0605 (22) — 122°1792 (23) + 7°1187 (25) 

xvi. Jf: LGB o = + 72°835 + 130042 (1) — 40°4729 (2) + 27°4687 (3) — 52°4533 (18) + 10°8366 (20) 
+ 41°6167 (25) + 10°1682 (27) — 31°9196 (29) + 21°7514 (30) 

xvi. L: D'GB' o = + 44°579 —~ 26°0123 (1) + 35°2999 (2) + 74°1309 (6) — 45°585r (7) + 24°3109 (18) 
— 38°6782 (20) + 14°3673 (23) 

xix. K:MLG o = — 135°588 + 44°6263 (10) — 84°6437 (11) + 40°0174 (13) — 68°9615 (20) + 65°1521 (21) 
+ 3°8094 (25) + 59°4385 (26) — 62°0348 (27) + 2°5963 (29) 

xx. K:HGL o = + 312°936 — 23°3480 (19) +. 68°9615 (20) — 45°6135 (21) — 40°4696 (26) + 62°0348 (27) — 
— 2175652 (28) — 11°4592 (34) + 19°9980 (35) — 8°5388 (36) 

xxi AH: MLG o = + 330°607 + 42°1516 (10) — 84°4427 (12) + 42°2Q11 (13) — 72°2598 (19) + 45°0181 (20) 

+ 27°2417 (25) + 44°Orrt (27) — 70°3338 (28) + 26°3227 (29) 


xu. A’: JZB’D' 
xin ££’ : ALA’ D' 
“xiv. D': BG 
xy. J: B'GD' 


0000 
Il 


The logarithmic values of the multipliers are as follow : 


Log 1 = 96680121 — Log vit = 0°2604080 — Log xv = 8°7385372 — 
In = 0°6784650 + IX = 0°2341499 + XVI = 8°2067635 — 
II = 0°3401836 — X = 0°3096631 — xvit = 8'7072380 — 
IV = 0°7208430 + XI = 8°4608365 + XVI = 7°4672759 + 
V = 0°6893755 + xu = 8°8418597 — xIx = 87842041 — 
VI = 0'4823861 +- XII = 7°9748855 — XX = 9‘00I437I — 
Vir = 0°6411409 — XIV = 8°4566329 + XXI = 7°9454110 — 
Resulting Corrections. 
! ae 
From To Symbol. Senco From . To Symbol. ricesar pai | 


a et | a nieetninin erin iene inne enamel (neni 





Lerrn Hitt Tower | St. Ann’s Hill . | (1 | 41° 1774. | HancenHitt Tower | Leith Hill Tr. . | (18) | +0°5454 
Hanger Hill Tr. ‘33 | —0°5529 Hampton P. Ho. | (19) | +2°3278 | 
Banstead . .-| (3) | +0°1792 St.Ann’s Hill . | (20) | —0°4229 | 

King’s Arbour . | (21 +3*1007 | 


| Wrormam . . . | Hanger Hill Tr. | (4) —0°4329 St. Paul’s . . | (22) | —0°5320 

| | Severndroog . | (23) | —0°7201 

Srevenyprooc Tower| Banstead . . |. (5) | +0°9881 Wrotham . . | (24 —0°0041 
St. Ann’s Hill . | (6) | +o°1951 Banstead . . | (25) | —0°8976) 
Hanger Hill Tr. | (7 ! +0'6179 | 

St. Ann’s Hirt . | King’s Arbour . | (26) | +0°3759 

Cumcronp. . , | Banstead . . (8) | —0*7888 Wanger Hill Tr. | (27 —0o'8157 

Hampton P. Ho. | (28 +-0°6242 

Baystrap . . . | Leith Hill Tower| (9) | —0°3736 Banstead ° 9) +0" 5661 

: ‘| St. Ann’s Hill . | (10) | —2°2721 Leith Hill Tower | (30) | —0°8523 
King’s Arbour . t I +1°3993 | 

Hampton Poor- Kixa’s Anzour . | St. Ann’s Hill .° ‘33 —0°0224 

house. . . | (12 +0°1720 Hampton P. Ho. | (32) | —0°6049 

Hanger Hill Tr. +1°3308 Banstead . . | (33 +0 °6324 

St. Pauls . . | (14) | —1°9324 eee 
Chingford . . | (15) | —o°8498 | Hampron Pooruouse| St. Ann’s Hill . | (34) | ao) Tee | 

Epping Cupola . | (16) | +0°6680 King’s Arbour . +333 ae 6 

everndroog ae +3°4135 Hanger Hill Tr. } (36) | —9°°4 





396 PRINCIPAL TRIANGULATION. 


Mistrerton Carr BASE. 


The connection of this base-line with three fixed points in the triangulation, Crowle, Clifton Beacon, and 
Lincoln Minster, is shown in Figure 23. The points to be fixed are Grineley and the extremities of the base- 
line. The station here named Crowle is not identical with the station of 1806, of which no trace could be found 
in 1842, the date of the selection of the present station. 


Equations of Condition. 


r CBG = o= — 1°8284 + (3) — (4) — (5) + (8) 

uw. GBS oo = + 2°8655 — (2) + (3) — (5) + (6) + (10) — (12) 
un NBG o= + 9°2523 — (1) + (3) -—(5) + (7) + (14) — (15) 
we NBS = 0 = + 5°4855 — (1) + (2) — (10) + (11) — (13) + (14) 


= — 236°220 + 805504 (3) + 30°2328 (4) — 43°8473 (5) — 11°9960 (8) + 55°8433 (9) 
vi B’: SNG o = — 169°185 + 9°4706 (5) — 16°9378 (6) + 7°4672 (7) — 13°0613 (10) + 3°3060 (11) 
+ 9°7553 (12) ~ 12°0154 (13) + 6°2883 (14) + 5° 7277 (15) 
Lhe logarithmic values of the multipliers are as follow : ; 
Log 1 = 0°1583086 + Log Il = 0°2579842 — Log v = 8°7200391 + 
WI = 0'1512869 +- IV = 9'7826815 + . vi = 9°1805777 + 


Resulting Corrections. 









Caleulated 


From To : 
Correction. 


» ee ae 
| 


Gninctey Beacon, Lincoln Minster . (9) $2" 24.69 


Symbol. 

















Curton Beacon | North Isnd of Base| (1) | + 3°482 5 
South End of Base | (2) | —6°3974 
Gringley Beacon . | (3) | +0°8954 | Sourn Exp or Clifton Beacon . "0 —1°7512 


Base. | North End of Base | (11 +2°2655 
| 


Crowte . «| Gringley Beacon. | (4) | +0°4861 Gringley Beacon . | (12) | +0°1331 

Grinetey Beacon | Clifton Beacon (5) | —0°7334 | Nortn Exp or | South End of Base | (13) | —0*7918 
South End of Base B —9°0073 Base, Clifton Beacon 14) | —o°4i41 
North End of Base 7) | —4°1688 Gringloy Beacon . | (15) | +2°8156 
Crowle Beacon (8) | +0°6858 


RHUDDLAN Manrsn Bast. 


The triangulation for connecting this base-line with the points Snowdon, Cyrn-y-Brain, and Delamere* is 
shown in Figure 24. Besides the extremities of the base, the points Great Orines Head, Gwaunysgacr, Garreg, 
Moelfre Issa, Lianclian, and Arrenig are to be fixed. The relative positions of the old and new stations at 
Delamere are given at page 16. There is some little doubt resting upon the re-finding of the exact centres of the 


old stations at Arrenig and Llanclian, and this circumstance must necessarily diminish the weight of the caleu- 
lated length of the base-line. 


A LC Ee rn PD SS rE 


* The fixation of this Sector Station will be found at page 405. 





CONNECTION OF SPECIAL POINTS. 397 


Equations of Condition. 


i CDGE = 0= — 7°6136 — (2) + (3) + (6) — (9) — (4) + (16) 
a. RMW =o = + 6°8669 — (19) + (20) — (24) + (26) — (32) + (33) 
mu. EWA 0 = + 675616 — (19) + (21) — (25) + (26) — (27) + (28) 
wv. EWH 0 = + 0°0248 — (24) + (25) — (28) + (30) — (31) + (33) 
vy CO: DSG o= — 193°947 + 60°4897 (3) + 41°3003 (5) — 27°0415 (9) — 14°2588 (10) 
vi A:GCL 0 = — 98°936 + 17°1817 (1) — 16°2414 (2) — 0°9403 (3) — 36°5312 (4) + 20°2082 (6) 


+ 0°9403 (9) + 15°3827 (10) + 16°5508 (11) — 3°7613 (14) — 12° 7895 (16) 


vn, EL: MCG o = — 604°153 + 124°4269 (6) — 102°6215 (7) — 21°8054 (10) — 34°5855 (12) — 50°0714 (14) 
++ 210°5186 (15) — 125°8617 (16) — 233°5353 (17) + 112°3243 (18) 4 121°2110 (22) 
vir. O : MER 0 = — 173°193 + 14°1428 (12) — 46°1351 (13) + 31°9923 (15) — 3°4333 (17) — 41°6479 (18) 
“+ 45° 0812 (20) — 28°7795 (32) + 28°7795 (34) 
Ix. W:MOR o = — 1297°611 + 100°1486 (18)—111°3413 (19) + 11°1927 (20)—193°5255 (23)-+107°8851 (24) 


+ 85°6404 (26) + 52°9804 (32) — 234° r192 (33) + 181°1388 (34) 
x. DL :MRGC,0 = + 995°867 — 30°8920 (6) + 9°0866 (8) + 21°8054 (10) + go°r718 (13) + 3°1454 (14) 
— 219°1789 (15) + 125°8617 (16) + 165°1722 (17) — 43°9612 (20) — 121 °2110 (22) 
xi W:EMR o = + 27°641 + 0°9403 (19) — 11°1927 (20) + 10°2524 (21) + 24°9075 (27) — 3° 7046 (28) 
— 21°2029 (30) + 46°7787 (31) — 52° 9804 (32) + 6°2017 (33) 
xu. Jf: WEO o = — 102°353 — 10°6528 (18) + 85°6404 (19) — 74°9876 (21) + 77°6606 (23) + 5°3451 (25) 
'— 83°0057 (26) + 71°2472 (27) + 24°9075 (28) ~ 96° 1547 (29) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 9°9186648 + Log v= 7°7652387 + Log 1x = 7°8016327 + 
w= 9°8749473 — VI = 8°0336344 + x = 8+3408568 — ° 
Il = 9°5291529 — vir = 8*0920561 — XI = 8°2500968 + 
IV = 9°8522429 +- vut = 8*°5043912 — xt = 6°5666154 + 


Resulting Corrections. 












Calculated 
Correction. 


Calculated 


From . To Symbol, Correction. 


From To Symbol, 








Moertrre Issa—cont.| Gt.Ormes Head | (18) } + 11 798 
West Iind of Base] (19) | -+-0°3241 
Gwaunysgacr . | (20) | —o°6642 
Kast Ind of Base | (21) | —0*5256 
Cyrn-y-Brain , +1°3557 


Wesr Ewp or Base | Gt. Ormes Head | (23) | —2°3856 
° Gwaunysgacr . -+-0'g2I1 

Kast End of Base 243 +-2°6876 

Moclfre Issa. | (26) | —1°6218 


Crrn-y-Bray, .| Arrenig. . . (1 
Lianchan . . (2 


DevaMere... . | Garreg Mount*. (3) 















GarnreG Mounrain | Arrenig. . . +4} 
| Snowdon . 
Lianelian , (6) 
Gt. Ormes Head | ( 
Gwaunysgacr . ( 
Delamere ( 
Cyrn-y-Brain . | (1 
West nnd of Base} (28) | —0°2915 
Gt. Ormes Head | (29) | —o0*1262 | 


ast xD or Bask | MoclfreIssa . | (2 ; aap ees: 
Gwaunysgacr . | (30) | --0°8037 


ELaANELIAN, , . | Arrenig, . . | (1 
Gt. Ormes Head I 
Gwaunysgaer . CY 
Garreg Mount". | (14) 
Moelfre Issa. . 5) 


Moelfre Issa. | (32 +0°9561 | 
Cyrn-y-Brain , 


West End of Base oF —2°3796 


GIAUNYSGAER. . | East Ind of Base 3 4-0°5068 
Gt. Ormes Head 34) |} +1 0658 


MoetFre IssA «  . Llanelian » + {| (17) 


398 PRINCIPAL TRIANGULATION. 


BELHELVIE BASE. 


The triangulation for the connection of this base-line with the already fixed points Knock, Mormonth, 
Little Stirling, Blue Hill, Mount Battock, and Dudwick is given in Figure 25. The points to be fixed with 
relation to these, are the extremities of the base, and Over Hill and Brimmond. 


equations of Condition. 


1 BOM O = — 2°3354 — (21) + (23) + (29) — (30) 
1. BQ'D' O = — 2°0203 — (21) + (24) + (29) — (33) 
im. OBD' O = — 1°5922 — (14) + (17) — (24) + (25) — (32) + (33) 
vv. LOB o = + 0°8103 — (3) + (4) + (14) — (20) — (25) + (27) 
y. ZOD’ o= +0°2971 —(4) + (5) — (17) + (20) — (31) + (32) 
vi. LOT o = —0°4056 —(4) + (6) —(9) + (£1) — (19) + (20) 
vue DBT o= + 1°1426 — (3) + (6) — (9) + (10) — (26) + (27) 
vin. LD'T o= + 3°5664 -(5) +(6)—(9) + (12) + (31) — (34) 
ix. D': VBIM o = — 247°283 + 3971804 (21) + 141°7549 (23) — 180°9353 (24) — 95° 2818 (29) 


+ 85°4037 (30) 
+ 57°085 + 1°4653 (21) + 16°6345 (22) — 18°0998 (23) — 16°2795 (29) — 6°3921 (30) 
+ 99°644 + 0°3464 (21) — 11°7652 (24) + 1174188 (28) + 75°1326 (29) + 80°3070 (33) 
+ 81°650 — 148°5797 (14) + 120°0695 (15) + 28° 5102 (17) — 73°8633 (21) — 39° 1804 (24) 
“+ 113°0437 (25) — 42°2861 (32) + 74°4481 (33) 

— 54°401 — 6°9738 (13) + 92°3495 (14) — 85°3757 (15) + 64°6122 (21) — 68°5470 (25) 
+ 3°9348 (28) + 10°8668 (29) 
xiv. O:RBD’ o= — 908°360 — 77°9768 (13) + 23°6762 (14) + 171°7322 (17) — 117° 4316 (18) 

+ 65°9659 (24) — 85-3609 (25) + 19°3950 (28) — 273°3092 (32) + 111°6674 (33) 
xv. J: OBD' o= + 126°308 ~— 31°1333 (14) — 180°2022 (16) + 211°3355 (17) + 98°8721 (23) 
| — 141°7549 (24) + 42°8828 (25) — 102°3938 (32) + 51°3437 (33) 


x. AK’: BAQ’ o 
xi Jt’: BD'Q' o 
xu. Q': OD'B 


ou ll 


xnr J2?): BOQ’ o 


xvi. O: TBD! o = — 11°897 + 0°5633 (3) — 37°7397 (4) + 37°1764 (5) + 65°9659 (24) — 109°0459 (25) 
+ 43°0800 (27) + 158°2223 (31) — 269°8897 (32) + 111°6674 (33) 
xvi. J?’: OTB Oo = — I51°350 + 41°9536 (1) = 16°4673 (3) — 25°4863 (4) _ 66° 6603 (13) + 28°0837 (14) 


+ 38°5766 (20) — 4°2812 (25) — 574662 (27) + 9°7474 (28) 

xvi. 2’: BTQ’ oo = + 4507446 + 8+ 7522 (1) — 122°0134 (2) + 113°2612 (3) + 97°1403 (21) — 91°3277 (27) 

: 7 — 5°8126 (28) — 21°6613 (29) 

xix. 8’: OTD’ 0 = — 45°178 — 15°1957 (4) + 45°8695 (5) — 30°6738 (7) — 43°7005 (17) + 32°8938 (18) 
+ 10°8067 (20) — 6°8515 (31) + to*ogo4 (32) | 

+ 992330 — 15°2531 (4) + 37°1764 (5) — 21°9233 (6) — 24°0359 (9), + 13° 0255 (11) 

+ 110104 (12) + 158°2223 (31) — 76-4505 (32) — 81°7718 (34) 

— 418°781 — 075633 (3) + 22°4866 (4) — 21°9233 (6) — 24°0359 (9) + 88°2288 (10) 

—~ 64°1929 (11) — 152°2404 (25) + 195° 3204 (26) — 43°0800 (27) 

xx. FR’: DBL o= + 133°349 — 98°7183 (8) + 35-7819 (10) + 62°9364 (12) + 11°7652 (24) — 1°9683 (26) 
— 9°7989 (28) — 80-3070 (33) — 11474305 (34) 


xx, O:LD'T o 


xx 0: TLB o 


lI 


The logarithmic values of the multipliers are as follow: 


Log 1 = 9'9921867 + Log vit = 02037114 — Log xvi = 81952064 — 


wr == 8°8504011 + 
MI = 0° 7343735 + 
IV = 9°2550312 — 
V = 0°0724357 — 
VI = 9°4474726 + 
vit = 9°9774388 + 


IX == 8°1880672 + 


X = 8°5209934 — 
XI = 7°6353852 + 
Do § im 8°9828544 a 

XI = 9°0822298 — 
XIV = 8:2626347 + 
XV = 8'4699649 — 


XVII = 8°5173020 + 
XVII = 7°69384.74 — 
XIX = 9°9115076 + 
KX = 8°1528886 + 


| XXT = 779674738 + 


XXII = 7°6327530 — 


= 


From 


| TUnBATHY . 


LAYTON 


Over ITILt 





CONNECTION OF SPECIAL POINTS. 399 


Resulting Corrections. 


Calculated ; Calculated 
‘| Correction. ‘| Correction. 


Blue Hill . Over Hiri1—cont.. | Layton . 
Mount Battock . , Tarbathy 
Brimmond .. 
Over Hill .. O° BRIMMOND . . | Mount Battock . 
Dudwick . . : Knock ; 
Layton... Mormonth . 
Stirling. .. : Dudwick 

Over Hill 
Blue Hill .. +0°1563 Layton . 
Tarbathy . . —0°3382 Tarbathy 
Brimmond. . ++-0°4094. Blue Hill 
Over Hill . . —0° 2064 
Dudwick . . —1°5416 | Mounr Barrocx .{| Brimmond . 


Blue Hill .. —1°6679 | Mormonrn. . . | Brimmond . 
Brimmond ., —0°4978 

Mount Battock . —2°2019 | Dupwick . . . | Tarbathy 
Mormonth , . +3°1098 Over Hill . 
Dudwick . . +0°9289 Brimmond . 
Stirling. .. —4°4340 Layton . 


SALISBURY PLAIN BASE. 


The triangulation for connecting this base-line with the work will be found in Figure 26. The points that - 
have to be fixed are the south end of ‘the base, Old Sarum Castle, Four-mile Stone, and Old Lodge: these are 
connected with cight points already fixed. 


XII. 


AIV. 
xv. 
XVI. 
XVII. 
XVII. 


XIX. 


. 


GFN 
GLF 
LEN . 
MNF 
MNL 
MNG 
HLN 
ALM 
HEN 
ENF 
EMF 
LAL 
xu. - DNF 
DNL 
CDL 
CDN 
CEM 
F:GLN 


N: 


GMF ° 


°909000000900000 0 
trun ud de ud 


Equations of Condition. 


o= — 4°5659 —(1) + (3) —(6) + (7) — (33) + G5) © 
o= — 4'5034 +(1)—(4)—(7) + (8) — (19) + (23). 
O = — 2°2453 + (3) — (4) — (20) + (23) — (33) + G4) 
o= — 60132 —(2) + (3) —(9) + (12) — (33) + G7) 
— 7°0312 — (9) + (14) — (18) + (20) — (34) + (37) 
— 2'0960 —(5) + (6) —(9) + (13) — (35) + (37) 
= ~ 1°3763 — (16) + (20) — (27) + (28) — (34) + (36) 
— 0'9189 — (14) + (15) — (16) + (18) — (26) + (28) 
— 070590 + (3) — (27) — (33) + G4) 

+ 1°7207 — (3) — (31) + (33) + (5) 

— 15514 — (2) — (10) + (12) + (44) 

— 1°1934 — (16) + (22) + (28) — (43) 

— 0°8053 — (3) — (30) + (33) + (2) 

= — 0'5029 — (20) + (21) — (30) + (34) — (1) + (2) 
+ 077411 — (21) + (24) — (39) + (41) 

— 1°1233 — (30) + (32) — (38) + (42) 

+ 1°5208 — (10) + (11) — (40) + (44) | 
+ 19°438 — 1°4826 (6) + 27°3128 (7) — 25°8302 (8) — 8+2595 (19) + 15°8421 (20) 
—.7°5826 (23) — 27°7686 (33) + 35°4188 (34) — 7°6502 (35) : 
O = — I1°046 + 47°3029 (1) — 50°8765 (2) + 3°5736 (3) + 11°9574 (5) —- 13 "4400 (6) 

+ 1'4826 (7) + 12°3456 (9) — 3°1670 (12) — 9°1786 (13) 


ial 


Hon WW 


400 PRINCIPAL TRIANGULATION. 


xx. F:MNL 0 = + 27°487 + 3°1670 (9) — 30°Ggo4 (12) + 2775234 (14) + 871507 (18) — 15°842I (20) 
+ 7°6914 (23) + 30°1965 (33) — 35°4188 (34) + 572223 (37) 
xx. N:LFH o = + 6'047 — 10°6200 (3) + 2°2976 (4) — 3°1852 (16) + 19°0273 (20) — 15°8421 (23) 
— 12°0130 (27) — 13°5438 (28) 
xxn, Jf: LF o = —1°898— 14°2289 (2) — 6°1389 (4) — 9°5505 (16) + 17°7012 (18) — 8:1507 (23) 
— I11°4825 (26) — 12°8123 (28) 
xx K: LPH 0 = + 45°551 + 1°7052 (4) — 11°6424 (16) + 17°9274 (17) — 62850 (23) + 3°9796 (28) 
xxiv. K:LNH o = + 162°935 —11°6424 (16) + 68°4474 (17) — 56°8050 (20) + 22°2231 (27) + 3°9796 (28) 
— 26°4032 (29) + 32°2428 (34) — 5°8396 (36) 
xxy. FF: NEM o = + 39°392 + 3°1670 (9) — 6°8276 (10) + 3°6606 (12) — 0°9544 (31) — 4°2679 (33) 
+ 5°2223 (37) — 44°3032 (44) + 40°7227 (45) 
xxv FF: MEH 0 = + 32°349 + 6°8276 (10) — 5°6744 (12) — 1°1532 (15) + 24°2948 (26) + 44°3032 (44) 


xxv, Lo: NEI o = + 79°797 + 13°5438 (27) + 5°o1r2 (28) — 13°8440 (31) — 10°0777 (34) + 23°9217 (36) 
+ 24°7208 (43) + 52°0624 (45) 

xxvur K:END o= + 26*492 + 4°3268 (29) — 4°3931 (30) + 0°0663 (31) — 19°3664 (42) + 20°3015 (45) 
xxix. K: LDH o = + 65°330 — 11°6424 (16) + 29°8065 (17) — 18°1641 (21) + 3°9796 (28) — 10°4597(41) 
xxx, £: FCN o = + 1'922 — 12°1246 (3) — 25°2167 (31) + 24°2623 (32) + 0°9544 (33) + 16°9555 (38) 
xxxr Eo: FCM 0 = + 30°170 — 2°7545 (2) — 21°8287 (10) + 28°6563 (11) — 6°8276 (12) + 13°2990 (40) 
xxxi. D:LCH o= + 5°205 + 7°7785 (16) + 17°2367 (21) — 25°0152 (24) — 14°7235 (28) — 1°5972 (39) 

xxxun B:DLC 0 = — 13°834 + 20194 (21) + 14°5298 (24) — 16°5492 (25) + 13°8698 (39) — 30°8693 (41) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 1°1487492 + Log xn = 0°§700743 + Log XXIII = 0°0573730 — 
II = 0'7389172 + Ni == 0° 5811130 + XXIV = O°240101T + 
It = O'9214591 + xIv = 9°7969399 + XXV = 9°4525308 — 
IV = 0°7388908 + XV = 9°4791740 — XXVI = 9°4891452 — 
V = 0°3201681 — xvi = 9°9653536 — XXVII = 9°0621382 + 
VI = 0°4899136 + Xvil = 0°7567621 — XXVIII = 9°2432695 + 

VII == 0°7914212 + xvut = 8°5855937 — XXIX = 8°8926510 — 
VHI = 0°2554530 + XIX = 9° 3038867 + XxX = 8°0836523 + 
IX = I°11g7214 — XX = 9°4042583 + XXXI = 8°9263399 — 
X = 0°1020325 — XXI = 0'0337402 + XxxII = 8°3833611 — 
XI = 0°8295361 + XXII = 9°7912589 — XXXUI = 8° 3293730 + 


Resulting Corrections, 























Calcul | ate 

From ro [ymin Sete | Fn vo Symbol, eat 
“ a : as 

Beacon Hit» «| Old Sarum Gun | (1) | +0°0817 | Oxy Sanu Cusrte| Beacon Hill. | (12) | +0°8947 
Old abr wei (2) | —0°8256 (continued.) Sarum Gun. | (13) : +2°0173 
Four-mile Stone | (3) | +0°1558 Old Lodge . . | (14) | +0°8800 
Old Lodge . «| (4) | —2-4124 Dean Ill . (15) | +1°2727 
OLD SARUM GUN e Sarum Castle * (5) —0°o816 OLb Lovce . : Dean Till P (16) 7 -+-o° 796 
: aie (6) | —1-2689 Wingreen . «| (17) | =I 9884. 
eacon Hi ~ | (7) | +0°3218 Sarum Castle . | (18) | —0'9646 
Old Lodge . (8) | +1°1703 Sarum Gun, '' (19 | —0'°4642 
Four-mile Stone , (20) = ++ 1° 1887 
Oto Sarum CASTLE See as (9) | —2°3624 Westbury Down : (21 | +0°3851 
toke Fill . (10) | --o°148% Stoke Mill. . | (22) | +0°3400 
Milk Hill .  . | (11) | —0-978q Beacon Hill . | (23 | +0" 7266 




















CONNECTION OF SPECIAL POINTS. 401. 
Lesulting Corrections—continued. 
Orp Lopcr—cont. | Milk Hill (24) | -b 01026 | Foun-smx Sroye. | Dean Hill . (36) | — 10 533 
Inkpen . (25) | —o*1026 (continued. ) Sarum Castle . | (37) | --0°9956 
Dean Hit Sarum Castle (26) | —1°0672 | Alex Hitt Four-mile Stone | (38) | --o*zo21 | 
Four-mile Stone | (27) | —0°1774 Old Lodge . (39) | +0°2524 | 
Old Lodge . (28) | +0°8032 Sarum Castle . | (40) | +0°3731 
Four-mite StoNE. | Wingreen . . #23 —2°2853 | Wesraury Down. | Old Lodge. . oes —o°2062 | 
Westbury Down | (30) | —1°6408 Four-milo Stone | (42 +0°0994 | 
Stoke Hill . (31 —0'2913 
Milk ETill (32) | ~—0'4147 | Sroxe Hint Old Lodge . (43) | —0'4298 | 
‘Beacon Hill ‘3 3 —0°7791 Sarum Castle . | (44) | —o-ozor 
Old Lodge . 34) | —0°6400 Four-mile Stone | (45) | —1°0772 | 
‘Sarum Gun (3) |: -+-2°0920 , | 


SOUTHAMPTON SECTOR STATION. 


In Figure 27 will be found the triangulation for connecting the Station at Southampton and Nodes Beacon 
in the Isle of Wight with Dunnose, Blackdown, Coringdon, Swyre Barrow, and other points to the north 
already fixed. The trigonometrical station at Southampton is 108 feet distant from the point over which Airy’s 
Zenith-Sector was placed, and bearing 105° 53’ from the south, 


Equations of Condition. 


I. WND' Om — 2°8745 — (1) — (13) + (14) + (22) 
mu WNA’ oO = — 1'9338 — (1) — (11) + (14) + (22) 
mw. #’NB om + 1°1817 — (1) — (10) + (14) +.(20) 
Iv. INC o = — 4°1867 —( 1) —(9) + (14) + (18) 
v. IPNE' o = + 375068 +(1)—(5) +(8) — (4) 
vi. IFNG! o= + .0°3907 + (1) — (3) + (7) — (14) 
vi, INE o= +.0°2591 +(1)—(4) + (6) — (14) 
vir, VOB’ o = + 5°6692 — (10) + (12) — (15) + (16) — (19) + (20) 
ix. NOP o = — 4°5398 —(1) + (2) — (12) + (14) + (15) — (17) 
x. JP: BND’ o = — 95°915 + 9'0871 (10) + 15°4088 (13) — 24°4959 (14) — 47°1343 (20) + 39°7747 (22) 
xi Bi: PNA! o = + 142°g10 + 22°g091 (1) + 88*0070 (10) — 78°9199 (11) ~ 9°0871 (14) — 72°5905 (21) 
xm. Ni: BCH! o = + 170221 — 34°4336 (1) — ¥12°1703 (18) + 46°3174 (20) 
xin WM: 2I'G'C 0 = + 233°628 — 165-7842 (1) — 138°7887 (3) — 157°8349 (18) 
xiv. Mi IPF'C o = — 111555 — 14475296 (1) — 144°9775 (4) — 148°9335 (18) 
xv. WN: PIPE’ o = + 153°798 — 70°8826 (1) + 98-3132 (4) — 372°7796 (5) 
XVI. O Oo = — 48°575 + 15°4743 (1) + 91°8374 (2) + 35°8519 (9) — 38°4673 (12) + 2°6154 (14) 


> VB IL 
“+ 40°1532 (19) + 22°9621 (20) 


_The logarithmic values of the multipliers are as follow : 


Log 1= 9°6655159 + Log VI = 0° 3642156 + Loe xu = 8°4188703 + 
=" 9° 0729042 — VIE = 9°7705224. — Xm = 8°2726883 — 

i == 0° "1871984. — vi = 8°1755156 — xIy = 7'°9716727 + 

I = O°3r19478 +. Ix = 8*7059959 + xv = 7'6301458 +. 


yoo 1372274. — 


X = 7°8812705 + | XVI = 7°7409708 + 


x1 = 7°8064977 — 
ee 7 BO0497 ;E 


402 PRINCIPAL TRIANGULATION. 


Resulting Corrections. 









Caleulated Calculated | 
Correction, Symbol. Correction, 


es | pe 
TT a TE, | a | Re | A EIS 


Dunnose , . «| Nodes Beacon . 33 —0°1889 Noves Beacon~cont,| Butser Hill, . +33) —0' 3129 


Front To Symbol. 








Southampton . (2 +O0°L755 Dunnose 14 +0'8155 
| Conmncpon . . | Nodes Beacon . (3) | +0°5975 | Sournampron . . | Nodes Beacon . | (15) | +2 "4890 
Dean Hill , , 16) | —o*6og1 | 
Swynre Barrow . | Nodes Beacon . (4) | —1°7658 } Dunnose : 17) | —0°6132 
Biacx Down . . | Nodes Beacon . (5) | —o°0172 | Winerzen . . | Nodes Beacon . | (18) | +1°1532 
Novrs Beacon. | Swyre Barrow . 6) } ~1:0206 | Dean Hux . . | Southampton , oS +-0°1274 
Coringdon . . 7) | +1°2112 Nodes Beacon . } (20) | ~—1°0228 
Black Down . 8) } —2°5196 | 
Wingreen . . 9) | —2°0292 | Inxpen . « .« | Nodes Beacon. | (21) | +2°0256 


Dean Hil . . 10) | +1°1633 
Inkpen. . «| (rr) | +1°0962 | Burser Hizr . . | Nodes Beacon . | (22) |] +1°5572 
Southampton . | (12) | —0°2577 


Isne oF Wigut SEcToR STATIONS. 

The four Zenith-Sector Stations in the Isle of Wight are Dunnose, Week Down, Boniface Down, and Port 
Valley, which latter is a point 263 feet distant from High Port Cliff, in a line between it and Boniface Down 
South-east Station. 

The points Shanklin Down, Wroxall, Littletown Down, and Boniface Down South-east Station, serve to 
establish the connection, which is shown in Figure 28. 


Equations of Condition. 


1, DA'B' om + of1107 +(1)— (4) —(9) + (2) 
mu. DEFB' om — 0°3205 —(2) + (4) — (11) + (2) — (21) + (25) 
m. CBF om + 6'1973 —(2) +(5)— 07) + (8) — (24) + (25) 
rv. CB'D om — 053236 ~(4) + (5) + (6) — (7) — (10) + (11) 
vy. EBEF om — 2°3424 — (2) + (3) — (16) + (17) — (22) + (28) 
vi. DGF o = — 48°3409 — (12) + (13) + (21) — (26) — (28) + (31) 
vu. EGF o = — 24°6503 — (17) + (18) + (22) — (26) — (29) + (31) 
yur. HGD o = + 0°8488 — (13) + (14) — (27) + (28) — (33) + (35) 
ix. HGF o = — 42°9800 + (20) — (26) — (27) + (31) — (34) + (35) 
x. IHG o = — 35°6206 + (27) — (32) — (35) + (36) — (37) + (38) | 
xi. B’: DFA’ 0 = — 1340°567 — 172°5700 (1) + 319°5749 (2) + 11° 7741 (9) + 28°3884 (11) — 40° 1625 (12) 
| + 6°5023 (21) + 324°3476 (23) — 330°8499 (25) 
xm. B’: DFC 0 = — 694°875 + 18°1673 (6) — 247280 (7) + 6*5607 (8) — 15275544 (10) + 192°7169 (11) 


— 40°1625 (12) + 6*5023 (21) + 55°4766 (24) — 61'9789 (25) 
xm. C:FB'E 0 = + 282°900 — 1'2785 (2) + 7-8032 (3) — 6°5247 (5) — 56°1162 (15) + 61°1924 (16) 
, — $0762 (17) — 1°8799 (22) + 57°3565 (24) — 55°4766 (25) 
xiv. D: FA'G o= + 377°806 ~— 28-5552 (9) — 378¢1601 (12) + 406°7153 (13) + 406°3232 (21) 
— 414°7268 (23) + 8-4036 (26) — 438-3480 (28) + 448°1660 (30) — 9°8180 (31) 
xv. F:GECD 0 = + 2151°766 — 13°1078 (6) + 131078 (8) — 29°4922 (10) + 402°8037 (12)—373°3115 (13) 
: + 67°4359 (15) — 159°5044 (17) + 9270685 (18) + 62°3597 (22) — 62°3597 (24) 
— 9°8180 (28) + 15°3688 (29) — 5-5508 (31) 
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xvi. F:HGD 0 = — 1470'573 — 224°1672 (12) + 373° 3115 (13) — 149°1443 (14) + 2°4680 (27) 
+ 9°8180 (28) — 12°2860 (31) + 12°8278 (33) + 38°8799 (34) — 51°7077 (35) 

xv. F:HGE 0 = — 250°397 — 68*7506 (17) + 92°0685 (18) — 23°3179 (19) + 3°0031 (20) — 3°0031 (22) 
+ 2°4680 (27) 4+ 15°3688 (29) — 17°8368 (31) + 51°7077 (34) — 51°7077 (35) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 9'7478919 + Log vir = 9'6302700 —_— Log xm = 8+1545226 ss 
I = 0'2611427 + vi = 0°0189828 + XIV = 6°9855190 — 
nl = 0°08009g07 — IX = 9°6601518 + xV = 5°6010164 + 
Iv = 9'8140012 + KX == O°LI421§4 + XVI = 7°5705988 + 
V = 9°4175014 — xE = 7°2841168 + xvi = 7°8327489 + 
VI = 0°3644958 + x = 7°1206394 + 
Resulting Corrections. ” 
‘From To Symbol. © pendants From: To Symbol. ayaa | 





Dee fe ee ee | 


Noves Beacon . | Week Down .| (1) | +1°2033 | Bonrrace Down , | LittletownDown | (20 +-4°6860 


Week Down . { (21 +2°1265 


DuynoseE . . . | BonifaceDown. 2) | +o0'g212 | Wroxall Down 22) | —0°5526 | 
| Wroxall Down : —2°6523 Nodes Beacon . | (23) | +7°4302 
Week Down . ‘4 + 1°6406 Shanklin Down | (24) | +4°7680 
Shanklin Down 5) | —2°7956 Dunnose . 25) | +3°7729 
Boniface S.E. 26) |—14°3180 
Snanxurn Down , | Week Down . | (6) | +1°2636 
| Dunnose. . . | (7) {| +0°1612 | BonrraceSouru-zeasr} Littletown Down | (27) | —1°0536 
| Boniface Down (8) | —1°3242 STATION. Week Down, | (28) | —0°5361 
Wroxall Down 29) {+17°1924 
Werex Down . . | Nodes Beacon . | (9) | —1°4285 Nodes Beacon . | (30) | —1°8388 | 
Shanklin Down 10) | —4°7593 Boniface Down. | (31) [+-24°3836 
Dunnose . . | (11) | —I'IoIg High Port Cliff. | (32) |~12°7821 
| Boniface Down 12 + 3°I472 | | | 
BonifaceS.E. . | (13 +3°8295 | Lirrtetown Down | Week Down . . | (33) | —0°9876 
Littletown Down } (14 +2°8044 Boniface Down | (34 +-0°1324 
BonifacoS.E. . | (35) | —1°3288 | 
Wroxatt Down . | Shanklin Down | (15) | +3°4034 High Port Cliff. | (36) |+13°938r | 
Dunnose . . | (16) | —2°5913 | 
Boniface Down 17) | —1‘0009 | Micu Port Curr . | Littletown Down | (37) | —6°1837 
| BonifaceS.E. . | (18) | +2°6928 BonifaceS.1. (38) | +2°4415 
Littletown Down | (19) | —0°6719 | 


FRAGHMAAN SECTOR STATION, 


The triangulation for the connection of this point with the general triangulation will be found in Figure 29. 
Besides the sector station, the points Brandon, Knocknadober, and Knocknagante, which establish the con- 
nection, are to be fixed with reference to Bencorr, Keeper, Taur, Caherbarnagh, and Hungry Hill. 


Equations of Condition. 


1 CFE Oo=— 1°4391 —~(4) + (8) — (17) + (19) 
u. CHK O= + 81817 — (8) + (10) — (16) + (17) — (24) + (25) 
m LOR O=— 7°1742 —(6) +07) — (13) + (14) 


32 
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vv. LOK om — 4'0860 —(7) + (8) — (12) + (13) — (17) + (18) 
v. GCL o= — 378048 ~(7) + (9) — (13) + (13) — (21) + (23) 
vi. GEL Oo = — 18°4752 — (11) + (12) + (15) — (18) — (22) + (23) 


vi. C: ABD FH o= + 96°605 + 105+0802 (1) +-§9°5653 (5) — 16°3272 (10) ? . 


vir, C: FID!’ 0 = — 796°762 — 298+5307 (2) + 59°5653 (5) + 97°0640 (10) 
ix. C: HE'D’ O = + 736°846 + 298°5307 (2) + 477°9250 (3) — 290°8889 (10) 
x. H:F'KC O = — 122°857 + 116°0633 (4) — 161°G6100 (5) — 16°8556 (8) + 20°1323 (10) + 56°3207 (16) 
— 14°1594 (17) — 42°1613 (19) 
xr D2: CKE’ O = + 293°867 — 82°0215 (4) + 137°7556 (6) + 114°3530 (7) — 32°2475 (8) — 4°0585 (17) 
+ 67°7502 (18) — 63°6917 (19) | 
xu, HW: KCG 0 = — 386°063 — 16°8556 (8) 4- 19°0509 (9) — 271953 (10) + 8°6014 (15) + 5°5580 (16) 
— 14°1594 (17) — 6°8451 (20) + 27°1517 (21) — 2073066 (22) 
xm. K:LGHC' o= + 1196°363 + 32°2475 (7) —49°1031 (8) + 16°8556 (10) + 40°7761 (11) — 49° 3825 (12) 


+ 8:6064 (13) + 52°7960 (15) — 52°7960 (16) + 73°1026 (20) — 98°1280 (22) 
+ 25°0254 (23) + 6°5977 (24) — 6°5977 (25) 


The logarithmic values of the multipliers are as follow : 

















Log 1 = 9'6812744 — Log v = 0'0078131 — Log x = 6°6449229 — 
Il = 9°2907549 — + VI == 0°0792531 + xr= 7° 7249087 — 
it = 9*4080146 + VII = 7°7063062 — x1 = 8'5130445 — 
IV == 0°1332116 + VIII = 7'9417825 + XU = 7°7374582 — 
IX = 5°8854839 + 
Resulting Corrections. 
A a a eT a a aS 
d 
From To Symbol. Si janie ee To Symbol. Leiner 
Bencomrn . , Brandon . .] (1) —1" 3125 | KxocknaGanre, cont.| Baurtregaum (13) | + t 6958 | 
| Hungry Hill (14) |+10°2058 | 
CanensanNnach . | Brandon . (2) | —2°4204 | 
Kxocxnapozer , | Feaghmaan, (15) | +2°3747 
TAUR'. Brandon (3) +0°1466 Brandon 16 +0°7062 | 
Baurtregaum 17) | —3°8005 
THunery Hu . Knocknadober . 5 +-0°4769 Knocknagante . 18 —2°7960 
| Brandon ~ | (5) | +0°7731 Hungry Hill (19) | —2°4205 
| Knocknagante . | (6) | —0°2573 7 | 
| IPEAGUMAAN Brandon (20) |—10°7509 | 
| BAURTREGAUM . Knocknagante . | (7) | —1°5931 Baurtregaum 21) | +9°7576 | 
Knocknadober . | (8) | +0°5360 Knocknadober . | (22) | —0°5748 
Feaghmaan . (9) | —1°7127 Knocknagante . | (23) | +0°0930 | 
Brandon (10 -+0°2899 | 
| Braxpon , Baurtregaum 24) | +1°3482 | 
| IXNOCKNAGANTE Feaghmaan. . | (11) |—11°8933 Knocknadober . | (25) | —2*0807 
| Knocknadober . {| (12) | -+-o-7434 
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DELAMERE SEcToR STATION, 


The point Delamere is fixed by its relations with Whittle Hill, Holme Moss, Mowcopt, and Cyrn-y- 
Brain, shown in Figure 30. The old station of Delamere, over which Ramsden’s Zenith-Sector was placed, is 
calculated -by the method given at page 69 to have been 3-7 feet distant, and bearing 201° from the present 
station. | 
Equations of Condition. 

1 ODI Oo = + 0'9460 + (1) — (4) + (5) — (7) 

u WDM 0 = — 0'5723 — (2) + (4) — (5) + (6) 
mu. 0’: DWM o = + 26140 — 54°2793 (1) + 37°9550 (2) + 16°3243 (4) — 39°6697 (5) — ror: 1°9365 (6) 
iv. W: DWM o = — 214°648 + 41°2902 (2) — 56°4688 (3) + 15°1786 (4) — 1°4771 (5) — 0°1330 (6) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 9'0305823 — Log mw = 9°4627176 — Log Iv = 8°4532300 + 
Wt = 7°5892119 — 


Resulting Corrections. 


7; Calculated ~ Calculated 
say zo Symbol.) Correction. pe To Symbol.) Correction, 


« 
SS | A ET | il SS SARS | Aa SNCS | ee aan spew ia ela SS 


DeLAMERE . . | Cyrn-y-Brain . | (1 +0'0334 | Mowcopr.,. . , ‘Delamere . . (5) +0'0623 
| Whittle Hill .| (2 


Holme Moss || (3) | —3°62ar | mtx Wm . | Delamere . «| (6) | +0°3154 


Mowcopt * .| (4) | +0°4127 | Crry-y-Dramy  .| Delamere . . | (7) | +0°6289 





TAWNAGIMORE Srcror STATION, 


The connection of this station, together with Slieve More in Achill and Knockalongy, is shown in 
Figure 31. The points already fixed are Slieve League, Cuileagh, Nephin, and Bencorr. 


Equations of Condition. 


1 LEKI om + 7°2449 + (5) — (7) — (12) + G4) | 
te eee o= — 3°8552 — (6) + (7) — (4) — (15) + (26) 
mi. ALT O= — 8'4733 + (6) — (9) — (16) + (17) 
v. ILP OS + 073053 — (7) + (8) — (13) + (44) — (18) + (79) 
vy. PLE O = + 10°5268 — (3) + (5) — (12) + (13) — (19) + (20) 
vi. PKO! o=— 6°1889 — (1) +.(3) — (20) + (21) 
vi. DL : ORT O = — 117°52 + 99°5073 (2) — §2°2846 (5) — 18°9328 (7) 
vin, I :HMLKO'C 0 = + 2967742 + 46°4689 (5) + 22°1679 (9) + 7°8985 (11) — 3°3945 (12) — 4°5040 (14) 


; + 20°4250 (15) — 26°7772 (16) + 6°3522 (17) 


x. MW : KIL O = — 457°424 — 333°0297 (4) + 275°1799(5) + 22°6879 (6) — 9°9567 (7) + 112°2873 (11) 
— 104°3888 (12) — 7°8985 (14) 

x. f :DKO' O = — 87-910 — 111°9432 (1) — 40°3273 (3) — 56°4753 (18) + 12° 3876 (20) + 44°0877 (21) 

xt. PsLIK | o = + 1897480 — 23°8447 (3) — 16°4826 (5) — 0°5770 (7) — 33°1687 (8) — 20°2765 (12) 


+ 36°0975 (13) — 15°8210 (14) 
xn, J + HMLP O = + 390°r45 — 53°7198 (8) + 22'1679 (9) + 132°40I1 (10) + 7°8985 (11) + 15° 8210 (13) 
— 23°7195 (14) + 20°4250 (15) — 26°7772 (16) + 6 3522 (17) — 26°4784 (18) 
+ 26°4784 (19) 
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The logarithmic values of the multipliers are as follow: 


Log 1 = 0°8166955 + 
11 = 073720919 + 
mt = 0° 3425474 + 
Iv = 0°7001880 — 





Log v = 0°6667926 — 





Log 1x = 7°2996482 + 
x = 8:9464007 + 

XI = 9°2677854 — 

AM = 7°3198985 — 


VI = 0'6126070 — 


VIL = 7°2344059 — 
VIII = 9'1318820 — 


Resulting Corrections. 


Calculated 











From To Symbol.| Correction, From To Symbol, emasrrity | 
CuILcAGH . , Knockalongy 1) | — 3° 5282 | Bencorr—cont. Knockalongy (10)' | — I 3630 
Tawnaghmore . 2) | —1°8539 | | 
. | Dawnacumone . | Slieve” More in | 
| Sure League . | Knockalongy (3) | +5°8432 Achill 11) | +3°0885 
Slieve More in Slieve Leaguo . | (12) | -+1°4294 
Achill (4) | —5°8126 Knockalongy 1 —1°9931 | 
Tawnaghmore . | (5) | —6°0155 Nephin . . | (14) | +0°8613 
NNEPHIN . . Slieve More in StieveE More in | Tawnaghmore . | (15) | —0°3724 | 
| Achill 6) | —0°3175 | Acre. Nephin. . 16) | +0°2768 
Tawnaghmore . 7) | +0°6614 Bencorr . «| (17) | +6°4220 | 
Knockalongy . 8) | +2°036% | rxooxsroncy . « | Nephin . : +0°4554. | 
. , . Tawnaghmore . | (19) | —3*0790 
IBENCORR « + «+ ere ee in el eae Sliove League . | (20) | +1°6754 | 
~ Cuilcagh 21) | —1°5070 | 


Great Sriruinc SECTOR STATION, © 


The fixation of this point is shown in Figure 32. The Reform Monument, though not observed from, affords 


two Equations of Condition. 
aa Equations of Condition. 


r IL'P om — 14°2612 —(1) + (3) — (9) + (10) 
un L'PS o=— 1°6486 — (3) + (5) — (6) + (8) + (9) — (11) 
m, L':PSRM o = + 2527311 + 77°1848 (1) — 119°8638 (2) + 39°9464 (4) — 51°7746 (5) + 5475973 (6) 
— 47°6097 (7) — 6°9816 (8) — 80°3874 (9) ~ 98101 (10) + go*1975 (11) 
v. R:PSL'M o = + 2827338 + 194°6150 (1) — 326°3070 (2) — 30°5347 (4) + 13°8407 (5) — 4°1649 (6) 
— 163°5483 (7) + 167°7132 (8) — 11°2030 (10) + 118+1442 (11) — 106'9412 (12) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 8'9688224 + 
I = 6°7896507 + 


Log 1 = 9*1060989 + “Log Iv = 6°3648512 — 


Resulting Corrections. 














From To Symbol. —— From To Symbol, pee 

ee ee eR ae Seen nN 
| MforMonTH Peter Head W.M. (1 656 508 | Secrorn Srarion— | Reform Monumt ” 40° 3675 
Reform Monumt 2) | +0'0013 (continued.) Peter Head W. MJ} (8) | +1°7444 

Lrrzz Srinuixa . | Poter Head W.M| (3) | +2+7253 | Perer Heap Winp-| Little Stirling . | (9) | —2°2698 ; 
Reform Monumt 4) | +0°9695 MILL Mormonth . . | (10) | +9°2153 
Sector Station . 5) | +o'4140 Sector Station . | (11) | —2°3326 
Reform Monumt | (12) | +1°0358 
Little Stirling . | (6) | —2-1527 |. 


Sector STATION . 





CONNECTION OF SPECIAL POINTS. 407 


GERTH oF Scaw SEcTorR STATION. 


The connection of this point by means of Nive Hill to Saxavord and Balta is shown in Figure 33. 


Lsquations of Condition. 


1 BNS O= — 83169 + (1) — (4) —(5) + (6) 

mn S'B'G O= + 21°1177 + (2) —(3) ~ (8) + (10) 

m SNG O= + 192024 —(3) + (4) —(6) +(7) — (9) + (10) | 

ve S: NBG o= — 534°705 + 56:0520(1) — 43°6463 (2) — 25°4248 (5) + 9°8216 (6) + 15°6032 (7) 


+ 4°3343 (8) — 1°0903 (9) — 3°2440 (10) 


The logarithmic values of the multipliers are as follow : 


Log m= 8°8154413 — 
mz = 8°8318146 — 


Log 1 = 7°9917438 — Log Iv = 7°4955424. + 


Resulting Corrections, 


From 


BALTA , 


To 


Nive Hill 


Calculated 


‘) Correction. 


Nive Hirt—cont. 


Saxavord , 


Calculated 


‘| Correction. 


Gerth of Scaw . Gerth of Scaw 


Gerth of Scaw . 
Nive Hill 


4.1°6262 | 
+1°9877 
—5°7344 


Gentu or Scaw .{ Balta . . 
Nive Hill 
Saxavord . 


| SAXAVORD . 


NiveHiw . .|Balta . . 





GREENWICH RoyaL OBSERVATORY. 


The Transit is fixed by observations from Epping Cupola, Chingford, and Severndroog. From the latter 
point the Dome was taken, but the plan of the building affords the means of calculating the angle subtended by 
the Dome and Transit at Severndroog ; thus the observation is reduced to the Transit. 

Putting (1) (2) (3) for the corrections upon the three observed bearings, the Equation of Condition is— 

O = 44°572 + 126°1686 (1) — 86°7897 (2) — 7°0837 (3) 

Whence there results— 


os | Calculated 
From To Correction. | 


dt 
Eprine Greenwich . . | —0°2257 
| Cumerorp ., . , 7 » » | $0°1833 
SEVERNDROOG “ ° -+-0°0267 
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Epinpuren Royvau ObnservatTory 
AND 
KerLuie Law Secror Srarion. 


The connection of these points is shown in Figure 35. The trigonometrical station*® on Calton Fill, 
selected and observed from by Major-General Colby, is 6-85 fect distant from the centre of the Altitude and 
Azimuth Instrument or of the Dome with the bearing 27° 27’. The Zenith-Sector Station on Kellie Law was 
norr feet from the trigonometrical station, bearing 302° 53’. The fixation of these points involves that of 
East Lomond; and in order to diminish the labour, this latter point being well observed from cight points, and 
observing them reciprocally, was first fixed independently of its connection with Calton Hill and Kellie Law. 
The equations and resulting corrections for the station Hast Lomond are as follow: 


Equations of Condition. 


1 DLR o= + 7°7463 — (7) + (8) + (15) — (16) 
m DCK Oo = + 2°g042 + (1) — (7) —(9) + (15) 
wn. DBE’ Oo = + 1°2148 — (2) + (3) + (10) — (11) 
1v. DCE’ o = + 4°4970 — (1) + (3) + (9) — G1) 
vy. DCC o = + 2°9093 — (1) + (4) + (9) — (12) 
v1. DCB’ o = + 1°3886 — (4) + (5) + (12) — (13) 
vi. DID’ o = — 470508 — (5) + (6) + (13) — (14) 
vir B:KDI' 0 = — 146°679 — 15+2690 (2) + 14°7352 (7) + 9°5338 (8) — 31°0739 (15) + 17°3759 (16) 
ix, @:K’DL' o = — 240°876 — 14°3095 (1) + 11°1506 (7) + 3°1589 (8) — 49°6088 (15) + 42°8057 (16) 
x. C:E'DB o= + 649°250 + 143°7954 (1) — 169°4997 (2) + 25°7043 (3) — 264°1193 (10) + 41°8914 (11) 
xr, C: CDE’ o = — 189°727 + 26°8082 (1) — 25°7043 (3) — 1°1039 (4) — 41°8914 (11) + 44°2920 (12) 
xu. D: K'CB’ 0 = — 60'945 — 484158 (9) — 121°9941 (13) — 78°9163 (15) 


xm Di I'K'B o = + 38907 + 21°9845 (13) — 44°2380 (14) + 38°8947 (15) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 0°2004674 + Log v = 0°3639746 — Lor x = 9'1666089 — 
mM = 1°5853962 + VI = 9°4995194 — x1 = 8°7652974 — 
WI = 1°5519484 — vir = 9°4461661 + XII = 8°6250252 — 
Iv = 1°5628928 + vit = 0° 5948687 + xr = 8°3699261 + 


IX == O'I501222 — 


Resulting Corrections, 














From To Symbol] . ae From Lo Symbol. ae 
East Lomoxy . . | Ben Cleugh (1) | +o'9711 | Bey Lawers . .| East Lomond . | (11) | — < 6184 
Ben Lomond (2) | +o74215 | 
Ben Lawers . | (3) | —4°4394 | Guasuuean . . | yy » «+ | (12) | —0°4533 
Glashmeal .  . | (4) | —1°6866 
Mount Battock, | (5) | —o'go8o0 | Mounr Barrock . |, » + | (13) | +1°7139 
Lumsden 3s +0°5319 : 
Sayrs Law . (7) | +1°5909 | LumspEN . . te ” »  « | (14) | —0°8970_ 
Dunrich. (8) | —1*0180 | 
Sayrs Law . |. 53 » «| (15) | —2°9893_ 


Bry Crevan . | East Lomond . | (9) | —0'7049 . . 
; Douxnicun . . . 5 »  —«: | (16) | +2°1481 


Bey Lomonp . «| East Lomond . | (10) | +2°0276 





* Astronomical Observations made at the Royal Observatory, Edinburgh, 1835. 
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Kast Lomond being thus fixed, we have for the fixation of Kellic Law and the Observatory on Calton Hill 
the followine— 


Equations of Condition. 


, £DI O= + 0°OI152 + (2) — (5) — (16) + (20) 

WW. EDK’ O = — 0°6466 + (2) — (6) — (16) + (21) 

mm. £DC oO = — 4°5696 — (2) + (3) + (16) — (18) 

iv. EDB' O= + 0°6085 —(2) + (4) + (16) — (19) . 

ve LCL! Om =o" toz4 == (7) + C9) 3) = (15) 

vi. LCB o= — 576433 —(8) + (9) + (14) — (15). 

vi. FCD O = — 0°0533 — (9) + (11) + (15) — (17) 
vin. FED O= + 4°1042 —(1) + (2) — (11) + (12) — (16) + (17) 

x. D: ETB’ o = — 319°111 + 20°2577 (2) — 170687 (4) — 19°1890 (5) + 61°2850 (19) + 73°4896 (20) 

x. D: PEK o= + 166°745 — 16°3905 (2) + 19°1890 (5) — 2°7985 (6) — 73°4896 (20) + 37°8999 (21) 
x. D: BCE o= + 2107528 — 11°3470 (2) + 10°2783 (3) + 1°0687 (4) + 56°9186 (18) — 61-2850 (19) 
xin C:L'FB 0 = — 55°315 + 14°8885 (7) + 62°5075 (8) — 77°3960 (9) — 39°5247 (13) + 76°4695 (14) 
xur. Ci: FBE'D o = — 90°676 + 62°5075 (8) — 79°9131 (9) + 1774056 (11) + 76°4695 (14) + 272390 (17) 
xiv. D: FCCE 0 = + 2697480 + 169925 (1) — 27°2708 (2) + 10°2783 (3) + 17°4056 (9) — 41°1570 (11) 


+ 23°7514 (12) + 20°5834 (15) + 56°9186 (18) 
xv. L's: FDC 0 = + 745°523 — 112°0793 (9) + 137° 3678 (10) — 25°2885 (11) + 56°74g90(15) + 13°8048 (17) 


The logarithmic values of the multipliers are as follow : 


Log 1 = 0°8270589 — Log vi = 0°4820265 + Log xt = 8°9777515 + 
11 = 0°6344166 + VII = 9'8612972 — XII = g'0512482 — 
III = 0°3203218 +- VII = 9°7420390 — x1 = 8°9888977 + 
IV = 0'2005022 — = 9°3239755 + xiv = 8°8161620 — 
v = 0°6026239 — x = 8°7643532 — XV = 7°7249571 — 


Resulting Corrections, 


re Calculated 
Calculate From Lo Symbol! Correction 


From To Symbol Correction. 





eee | ETE: fs | i 7 . 





ELLIE Law , . | Calton Hill. . (1) —0°778 3 | Bey Lomonp . . | Calton Till. . | (14) | +2°7681 
East Lomond (2) a0 353% : 
Glashmeal .. (3) } +1°6226 | Ben Crevau . . se (15) | —0°7185 
Mount Battock . (4) | —0° 3835 
Lumsden (5) | +0°2844 | Easr Lomonp . . | Kellic Law. . | ( 8 + 5° 0054 
Sayrs Law . (6) | —1°7997 Calton Hill, . | (17) | +0°0687 
Catton mt . . | Dunrich ‘ (7) | 4-1°8469 | Grasumeat . . | KellicLaw. . {| (18) | —1°2950 
Ben Lomond . (8) | —2°14.04 : 
Ben Cleugh tas +0°0233 | Jlounr Barrocx . ‘5 » 2 « | (19) | +1°8772 
Ben Lawers (10) | —4°9592 
- East Lomond . | (11) | +0°8638 | LuMspEN . . . 9 » «© « | (20) ] +1'9212 
Kellie Law . (12) | —2°435 


Sayns Law ., . a" » 2 « | (2t) | +0°4990 


Doxnien . . , | Calton Hill. . (13) | +1°2076 


3r 


AIO PRINCIPAL TRIANGULATION. 


DUBLIN OBSERVATORY, 

Lhe Dome of this Observatory is observed from Kippure, Lyons Hill, and the Hill of Howth, which stations 
were also observed from the Dome. The conncction of Lyons Hill and the Observatory with the fixed points 
Kippure, Croghan, and the Hill of Howth is shown in Figure 36. The centro of the Dome is 57-25 feet cast 
and 17-3 fect south of the centre of the Transit. 

Equations of Condition. 


1 DHK o= — 3°7082 —(2)+(4)—(6) + (7) 

m LEH 0 = —0°6551 —(1) + (3) — (0) + (12) 

wu, LAD om — 1°6260—~(1)+(2)+(5)—(€7) -—(9) + @D 

iv. LEC o= —0°7292 + (1) + (8) — (11) — (12) 2 


v. K’: DLH’ o = + 1°370 + 30°4833 (3) — 14°1657 (4) — 166022 (5) — 2°1920 (6) + 18°7942 (7) 
— 2°9654 (9) + 12°5418 (10) — 9°5764 (11) 
vi. K': CLH’ 0 = — 210°226 + 30°4833 (3) — 30°0277 (8) + 12°5418 (10) + 17°4859 (11) + 129°1318 (12) 


The logarithmic values of the multipliers are as follow: 


‘Log 1 = 0°4701389 + Log mi = 0°2843241 + Log v = 8°1286971 + 
MI = 0°3619IQI + IV = 0°7273617 + VI = 8°7623300 + 
Resulting Corrections. 
From To Symbol. . ee, From To Symbol. sSoaieoriin 
| KIppURE . . . Lyons Hill . 1) + 1° 1173 Dub OBSERVATORY Kippure. e,° (7) +o'g1 14 
Dublin Obsy 63) ——0°370 
| Lyoxs Hin. .|Croghan. . (8) | +0°8908 | 
Hit or Howrn =. | Lyons Hill . (3) | +1°1352 Dublin ObsY «| (9) | —2°3457) 
| Dublin Obsy (4) | +1°2577 Till of Howth . | (10) | —1°0935 | 
| Kippure . . | (11) | —0°4563 | 
Dusuw Oxsenvatory| Lyons Hill. . (5) | +2°1359 | 
Hill of Howth . | (6) | —1°1685 | Crocman . . . | Lyons Hill. «| (12) | +1°7352 | 


CAMBRIDGE OBSERVATORY, 


The Dome of this Observatory is observed from Ely Minster and Balsham; a Heliostat near the Dome was 
also observed from Brandon: the reduction to the Dome is given with the obseived bearing. If (1) (2) (3) 
represent the corrections to the observed bearings from the three stations in the order above named, the 
Equation of Condition will be found to be— 


Whence there oe 





Calculated 


| ee 4 7 Correction. 
a toe 
: “ 
Lity Mixsren , . | Cambridge Obser- 4 
vatory Dome . | +0°4313 | 
Batsuam , y - _ | +or2156 
Braypon. , . . 7 . | —2°2672 


The Dome is 45+4 feet east of the Transit, and in the same parallel of latitude, 
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CONNECTION OF SPECIAL POINTS. 


DurHsAM OBSERVATORY 


AND 


Burierign Moor Srcror STATION. 


AIT 


The triangulation for the connection of these two points with Collier Law, Wordeslow, Easington, and Water 
Crag is shown in Figure 37. The Dome of the Observatory, which is the point observed from Collier Law, 
Brandon, and Merrington Church, is 12-5 feet west of the Transit, and in the same parallel of latitude. 


1 CMA’ 
u. C ALB’ 
m. KAM 
wv. KCM 
vy. KCB 
vi. E'BB' 
vu. I: CA'B' 
vir. Jf: CKA’ 


ix. K:MCB’ 
—kKMC 
> KCB 


xn. B: BCE 
: KBB 


0900000 0 


lou i we tt 


Oo 


Equations af Condition. 


— 41°5154 (12) + 11°3793 (14) 


+ 8°4899 + (2) — (6) — (10) + (11) 
— 2°0251 + (6) — (7) — (11) + (14) 
+ 11°8765 — (1) + (2) — (10) + (12) + (15) — G1) 
+ 5°9767 — (4) + (6) — (11) + (12) + (16) — (21) 
— 3°7947 + (4) — (8) — (16) + (17) 
+ 1°9697 + (9) — (22) — (23) + (24) 
— 218°675 — 136°0402 (2) + 31° 7070 (6) — 61°9052 (7) 
— 44°080 — g1°6g03 (1) + 64°6847 (2) + 66°4055 (4) — 69°9643 (6) — 7°466r (15) 
16°1379 (16) + 23°6040 (21) 
= — 772°303 — 126°8517 (4) + 66-4055 (6) + 40°3874 (7) — 10r'1351 (8) + 30°136r (11) 


“+ 222894 (13) + 59°6767 (16) — 52°8214 (18) — 6°8553 (21) 
= + 399°136 — 101-4627 (4) + 6°6551 (8) + 75°4569 (16) — 15°3465 (17) — 60°1104 (19) 


+ 29°2867 (23) — 29°2867 (24) 


The logarithmic values of the multipliers are as follow: 


Log I = 0°0509327 — 
m = 8°8127808 + 
Wi = 9°7361491 + 
Iv = 9°5780705 — 


From 


Warer CraG ,. 


Cotter Law , 


- 


IV orDESLoW 


MEnRnINGTON Cuurcn 


Brandon Down 


Merrington Ch. 
Durham Obsy . 


Brandon Down 


Burleigh Moor . ! 
Merrington Ch. 


Merrington Ch. 


Brandon Down 


Burleigh Moor . 


Water Crag 
Collier Law 
Brandon Down 





Log v = 0'4824777 + 
VI = 8°9146314 — 

vit = 8°4028697 + 

vir = 8°7283164 + 

IX = 8°5757811 + 


Resulting Corrections. 


Caleulated 
‘| Correction. 


Sewers | cea NSS fl en | a | aT | oa 


—2°6418 
—1°2887 


+0°2487 
—1°7849 
+0° 3654 
+1°1I020 


—O°* 
—— 7° 
0° 


+6: 
+0° 
—4"° 





From 


Mennineton Cuurcn| Durham Obsy . 


(continued.) : 


Brannon Down 


JEASINGTON . 


Burveien Moor 


+ 120°862 — 382°1067 (5) + 95°2763 (9) — 52°3924 (22) 
— 1710°260 + 54°6117 (8) + 57°2923 (9) — 63°3031 (17) + 250°0208 (19) — 186°7177 (20) 


To 


Wordeslow . 


Water Crag 
Collier Law 
Wordeslow . 


Durham Obsy . 


Easington 


Burleigh Moor 
Merrington Ch. 


Burleigh Moor . 


Wordcslow . 
Easington 


— 618°628 4+ 207°3126 (3) — 258°7950 (4) + 51°4824 (6) + 7°6329 (11) — 29°9223 (12) 


= 70329938 + 
= 8°4917703 + 
= 7°3867015 — 
= 8*2431481 + 
Symbol. eae 
13 10° 5255 
1 GR | $2468 
(15) -+0°1188 
(16) | —1°6148 
17) | +1°332! 
18) | —0°342I 
19 +6°9942 
20) | —0o°6079 
(21 +2 3594 
(22) | +0°0782 
23 4+1°3673 
08) oe 


412 PRINCIPAL TRIANGULATION. 


MorpInctTron AND BURNSWARK. 


These points were originally omitted in the calculation of the most probable corrections for the parts of the 
triangulation where they would naturally fall, as they were not necessary for the connection of the principal 
triangulation. Subsequently, however, it was considered desirable to add them, on account of the azimuthal 
determinations made at those points, that at Burnswark having a probable error of only 0-33. 

The stations Wisp, Dunrich, Sayrs Law, Blackheddon, and Cheviot are observed from Mordington, while 
Mordington is observed from the last four of these stations: these are the data for the determination of the 
position of Mordington, Tfirst, from the observations at Sayrs Law and Cheviot determine an approximate 
position, M’, of Mordington ; then, using the corrected bearings and relative positions of the five fixed points, 
and denoting them by their initials, we have by exact calculation the following angles: — 


Angle. | Calculated Angle. Onn Nee, | Difference. 
MCS | 45 51 34°7837| 45 51 34°7837 | --o*0000 
MSC | 44 34 23°2749]) 44 34 23°2749 | --o'0000 
SDM 22 37 16°5216| 22 37 19°6103 | ~—3°0887 | 
CBM’ | 117 11 38*8g15 | 117 11 42°8922 | ~—4°0007 
CWS | 89 34 5§°4769| 89 34 474300 | +1°0469 
| IAPS | 52 20 42°0608| 52 20 42°4100 | —0°3492 
DMS | 26 56 24°6539 | 26 56 25°5000 | —o0°8461 
SMB | 122 15 48°2929 | 122 15 47°5500 | +0°7429 


Trom the differences shown in the last column the correct position of Mordington must be determined. 
Let it be defined by co-ordinates # and y originating at Al’, SM’ being the axis of « and the positive direc- 
tion, y being measured perpendicular to SM’ and northwards, then we have the following equations for deter- 
mining «# and y:— 


1°6628y . . .=0 Weight = 2°44 
+ 1°7003 x — O°OlO4 y =0 5. eS. BO 
+ 0°3807  — 0°7491 y — 3°0887 = o Pe — ae a 
+ 2°5492 x + 1'6093 y — 4*0007 = 5 Sani 
— 1°7003  — 1°6s524 y + 1'0469 = 0 sy Se eee 
— o°6127 7 — I*Ig00 ¥ — 0°3492 = 0 9» = 1°47 
~- 0°3807 & — 0'9136 y — 0'8461 = 0 » = 1°69 
TB D4OR C8 2721 Yt 077429 = 0 ye eee 
Whence by the method of least squares— 
104°610 x + 64°810 y — 120°445 = 0 
64°810 2 + 58°947 ¥ — 77°137 = 0 


“em +1068 sym + 0°134 
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which determine the exact or most probable position of Mordington. The resulting corrections upon the 
observed angles are as in the adjoining table :— 


Angle. Correction. Angle. Correction. Angle, Correction. Angle. Correction. 





a , ERI) | Go eR ca A EES 


rcs. +1°8152 CMS, —0"9910 SDM , —2°7822 DMS ., —1°3752 
MSC . | —o-2227 | WAS . | —1°1632 | CBM . | —1°0616 | SMB. | —2°4189 


If z be the correction upon the bearing of Sayrs Law as observed from Mordington, the corrections to the 
four other bearings will be, z+0-9910, 2+ 1-1632, 2+1-3752, and #+2-4189, whence the most probable 
value of g = — 17-1008, and the corrections to the bearings will be as follow :— 


Ltesulting Corrections. 








Calculated . Calculated 
From To Correction. From To Correction. 
: “ : i 

Monpixcron . .| Wisp. . . | +0°0624 | Dunrict . . «| Mordington. . —2° 7822 
Dunrich. . . | $0°2744 

Sayrs Law. .| ~—1'1008 |] Cuevior . . , ‘3 » 6 | $r'8152 
Blackheddon . | +1°3181 

Cheviot. . . | —o‘1098 | BrackuEppon. ., ‘5 » « | ~r'0616 
Sayns Law ., . | Mordington. , | —0°2227 


Lhe station Burnswark is observed from Hart Fell, Cross Fell, and Criffel; and Criffel, Merrick, Hart 
Fell, Wisp, Cross Fell, and Sca Fell are observed from Burnswark: these are the data for the fixation of 
Burnswark. 


= 


Procecding in the same manner as in the fixation of Mordington, the corrections contained in the annexed 
table were obtained. 
Resulting Corrections. 















Calculated : | ' Calculated 
ae Correction. rom =o Correction. 
fi . fi 
Hart Fenn . . | Burnswark. . | +0°9424 | Burnswanx, cont. | Merrick, . . | —0°8573 


Hart Fell . « | —0*0470 
Wisp . . . | —0°8479 
Cross Fell.) . | —1°4778 | 
Sea Fell, . . | +0°8350 


Cross Fenn. is ~ « | +0°6203 


CRIFFEL .« . . 45 0 a | mH 4tl2g4 









Bornswark . . | Criffel . . . | +1°0005 


ALA _ PRINCIPAL TRIANGULATION, 


A TABLE SHEWING THE MEAN AMOUNTS FOR THE DIFFERENT STATIONS 


OF THE 


CORRECTIONS to tus BEARINGS 


OBSERVED WITH THE LARGER INSTRUMENTS, 


No. | Average 





























ise ui) Sum of | Mean No, |Average S 2 | Sumof | Mean 

Names. of | Recip. Be ‘| Squares of | Value o Names. of | Recip. | =| Squares of |Value o 

Bear-| of Es =| Correc- | Corree- Bear-| of |£68] Correc- | Correc- 

ings.| Weight.,2%""| tions. tions, ings.| Weight.J2S™] — tions, tions, | 

Arbury Hill 6; 1°00} 8 4°12 | 0°26 |} Coringdon . . . | 10 | 0°72) 11 9°86 | r'00 | 
Axedge . . Ir} 1°23 | 7 | 80°50 | 2°71 |] Corryhabbieo . . «| 14} 0°15 | 35 7°00 | O°7I 
Baconsthorpe Tower . 5 | 0°24) 8 1°56 | 0°56 |] Cowhythe. . . . | 4] 0°33} 27/ 6°83 | 1°31 
| Ballycreen . . «| 9} O715 | 31 8°15 |} 0795 ]] Cradle. . . Iz |o'58| 7 6227. || 20°72 

Balsham ‘Tower 8 | 0°32.) 20 1°77 | 0°47 |} Criffel. .. 10 | 3°88 | 6 {| 62°96 | 2°51 

Balta . . ; 3} 0°54 | Io 0°53 | 0°42 || Cnocghiubhais . 5 15°44] 8 | rre7g | 1°54 

| Banstead . . « «| YO | 0°49, 12 | 25°61 | 1°60 ]] Croghan . . . 6) 5°70} 5] 42°81 | 2°67 
Bardon Hill 2... | rr | 0°73 | 5 | 114°35 | 3°23 |] Cross Fell 13 | 2°77 | GO| Garrr | 2°19 
Barrow Hill . . . | 5 | 0°72 | 15 3°33 | 0°82 |] Crowborough . 3 | ot1I | 20 1°06 | 0°59 
Baurtregaum. . , | 13 | 2°33 { 25°30 | 1°40 {| Cuileagh . Ir | 3°44] 13 | 33°15 | Leor 
| Beacon Hill . . «| 15 | oc20 | 28} "19°76 |) 1°15 |} Cundtham 6 | o'97 | 11 0°76 | 0°36 

|Ben Cheilt . . . 711745 | 6 | 3g°IL | 2°36}| Deadman. . 7 | 0°54] 18 | 10°62 | 1°23 | 
Ben Cleugh . . «| 13 | 0°39] 19 7°66 | 0°77 || Dean Hill. 16 | 0°48 | 14 | 18°81 | reog 
Ben Clibrig . . .{ 14 | r°4o} 15 | 19°60} 1°24 |] Deerness . 4] 0724 | 9 I'o4 | O°51 
Bencorr . . . .) 6] 1°96{ 8 | 11°69 | 1°40 |] Delamere . 5{o'gz | 5 | 13°38 | 1°64 
Ben Heynish. . .] 6] re21j 12} 14°81 | 1°57 |] Ditchling . : 7} 0°58 | 13 3°55 | or71 

| Ben Hutig . . . {11 | 2°69} 71] 20°21 | 1°36]] Divis . . sf 9 | 2°32] 14 | 56°71 | asi 
Ben Lawers . . . | 13} 0°14} 26] rg*7r | 1°10 |} Docking Tower . -| 4[ 0°39) 6 5°33 | I°1s 
Ben Lomond ,. . .| 11 | 0°98] 7 {| 46°72 | 2°06 Doolieve . 61 4°94} 7] 52°08 | 2°95 
Ben Macdui ; 14] 0°25 | 24 3°52 | 0°50 |} Drung Point . 3 | 0°28 | 16 0°76 | 0°50 
Ben More, Mull . . | 9 | o°81] 10] rr°05 | t°tt fy Dublin egies ~ | 3} 0°78 | ro 6°76 | 1°50 
1 Ben More, South Uist | 8 | 0°30 | 30 2°23 | 0°53 || Dudwick . 9} 0°83] 7] rie5r | 1°13 
Ben Nevis 13] o°3r | 24 8:07 | 0°79 |} Dunkery Beacon . 6} 0°59 | 11 4°04 | 0°82 
Ben Tartevil . 6 | 0°86 | 16 6°35 | 1°03 {| Dunnet Head. ~| 8] re0o8 | 4] 19°58] 1°57 
Ben Wyvis g] 2°23] 4] 23°48) 1 62 Dunnoso . . . . | 7 | 42 | 11 | 24°56 | 1°20 
| Berkhampstead 71 1°84] 9 14°08 | 1°42 ]] Dunrich , , , , | 12 | 1°20 | 16 10°07 | 0°92 
Black Comb . 8} 7°43 | 6} 19°47) 1°56 |] Dunstable. . . . | 10] 0°80} 8] 20°97 | 1°44 
1 Black Down . 9 | 0°43] 15 0°86 | 0°32 |] Easington. , . , 6 | o'47 | 11 3°90 | o°81 

| Blackheddon . 5 | or 14 | 16 2°75 | 0°74 || Last Lomond . » . | to] 127] 8] 53°40 | 2°31 | 
Blue Hill . 4; 0°69] 7 6°76 | 1°30 |] Ely Miyster . 2 . | 9 | or25 | 15 | 15°13 | 1°30 
Botton Head .. g| 2:29] 6} 24°87 | 1°66 || Epping Poorhouse . | 11 | 1°66] 11 | 23°28 | 1°46 

Brandon (Suffolk) 8} rir | ir} rr°26 | 1°19 |] Fair Isle 7 | 0°62 { Io 6°26 | o°g5 | 
Brandon Down (Dur- Fairlight. .. 6 | 0°31 | 24 0°20 | O°17 
ham) ~ «| 9) 1°33) 7] 59°36] 2°57 |] Fashven 71 4°t6 | 7 | 67°58 | 3°11 
Brassa . 6 | 0°49 | 12 1°48 | o'50 || Fetler . 5 | o°24] 4 1°09 | 0°47 
Brimmond 8 118] 8] ro‘gr | rr Vitty Hill , 8 | 0°46 | 14 1°87 | 0°48 
Broadway  . 5 1 2 tt 1 3° 0°64 | 0°36 |] Forth . 7 11°95 | 9 4°02 | 0°76 
Bunwell Church Tower 9 | 0°34) 11 2°04 | 0°48 |} Foula . i 7} rig | at 4°73 | 0°83 
| Burleigh Moor 2/1°79;) 7 2°45 | 1°11 |] Four-mile Stone . 9 | 0°44} 23 |] 15°66] 1°32 
| Burnswark 6 | 0°20] 15 3°84 | 0°80 || Frittenfield Io | 0°72 | 12 | 12°56] 1°12 
Butser Hill 10 |} 0°54 | 14 9°61 | o°98 |} Gads Hill : 5 | O°17 | 14 2°55 | o°71 
Caherbarnagh =. «| IL | 2° 26) 6} 31°46] 1: 69 || Garforth Cliff 6 (3°74 | 9} 33°16 | 2°35 
| Calton Observatory . 6 | 1°61 | 18 39°26 | 2°56 |] Garreg y ae Gey ee | 8°81] r°t2 
Carrigfadda 3 | 9°99 | Io 1°26 | 0°65 {| Glashmeal 7\ 0°88) 8 9°61 | 1°18 
Cheviot oe eae es 9°30 | o°85 |} Goat Fell . 15.0723 I-16 7°27 | 0°69 
Chingford. 7 | O°TS | 42 I°r7 | o'4r {{ Goonhilly . 5 | o°40 | 14 I*99 | 0°65 
Oleisham . 8} 4°85 | 8] sreor | 2°53 || Great Whernside 81 o'95 | §{ I7°22 | 1°47 
Clifton Beacon 10 | 2°Or | 7 | 128*10 | 3°58 || Gringley . . . 5 | 3°19 |} 20] 104°56 | 4°57 
Collier Law . «+ | 10 | 0°75 1 17 8°02 | 0°89 || Gwaunysgaer 4.| 1°96} 6] 16°40 | 2°03 








MEAN AMOUNTS OF THE CORRECTIONS FOR THE DIFFERENT STATIONS. 


Names. 


Hampton Poorhouse . 
Hanger Hill Tower . 
Happisburgh Tower . 
Hart Fell. . 
Hensbarrow 
High Wilhays 
Howth Hill . 
Hungry Hill . 
Inkpen 
Jura ? 
Karnbonellis . 
Karnminnis 
i Keeper . . . 
Kellie Law 
Kings Arbour 
Kippure 
Knock er 
Knockanaffrin . . 
Knocklayd 
Knocknaskagh ., 
Lawshall Tower .. 
Laxfiedd . . ., 
Layton. . oR 
Leith Hill 
Lincoln Minster . . 
Llanelian . : 
Long Mount . ; 
; N.end , 
Lo. F. Base Sond: 
Lumsden. . . 
Lundy Island . 
Lynn... 
Lyons Hiil : 
Maker Church Tower 
Malvern . . 
Mamsuil 
Mendip 
Merrick 
Milk Hill . ‘4% 
N. end 


M. Carr Base Sond 


Moelfre Issa . . 
Monach . 
Mordington . . 
Mormonth. 

Mount Battock 
Mount Sandy . 
Mowcopt . 
Nephin , 
Old Lodge : 
Orford Castle , 
Over Hill . 
Paddlesworth , 
Paracombe 
Pendle Hill 
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Sum of | Mean 
‘<| Squares of | Value of 
Correc- | Correc- 
tions. tions. 
1°39 0°68 
I7°I2 | 1°46 
2°24 75 
29°98 52 
28°88 55 
8°28 83 
3°83 | 0°98 
1°60 52 
17°27 25 | 
II‘22 93 
1°47 61 
5°80 85 
14°89 16 
17°95 | 1°61 
0°77 51 
76°80 | 2°34 
3°24 go 
14°36 | 1°14 
179°25 | 4°46 
13°45 30 
9°92 05 
7°99 94 
2°73 74 
12°96 go 
50°9I 70 
28°47 18 
12°90 20 
3°95 | 0°81 
0°42 28 
16°72 | 1°55 
9°93 14 
14°50 70 


Pertinney. . . 
Pillesdon . ., 
Precelly 


E. ond 
Rhuddlan Base W.ond 
Ronas . eM 
Rue Rea 


Ryders Hill 
St. Agnes Beacon 
St. Anne’s Fill 
Sarum Castle . 
Sarum Gun . . , 
Sawel . 
Sayrs Law 
Sea Fell 
Scarabin . 
Scour-na-lapich 
Severndroog . 
Slieve Donard 
Slieve League 
Slieve Snaght 
Snowdon ... 
South Barule . , 
South Lopham Ch. Tr. 
South Ronaldsha. . 
Southwold Tower 
Stoke Hill, . . . 
Stoke Tower. . . 
Storr Hill. . . 
Stronsay . 
Swyre Barrow 
Tara : 
Tarbathy . 
AUT oc: ww. al Js: 4% 
Tharfield . . .) 
Tilton. . . . . 
Tofts Tower . 
Trevose Head. 
Trostan : 
Upcot Down . 
Vicars Cairn . . 
Walpole, Saint Peter’s 
Chureh Tower . 
Walton Tower ‘ 
Wart Hill Hoy . . 
Water Crae | . 
Westbury Down . 
Whitehorse Hill . 
Wingreen . 
Wisp Till . 
Whittle Hill . 
Wordeslow . . 
Wrotham . . . . 


-Yell 


Yorkminster . . 
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Sum of | Mean 
Squares of | Value o 
Corree- | Correc- 
tions. tions. 
10°39 | 1°07 
6°78 | 0792. 
78°98 | 2°38 
7°97 | 1°4t 
1°98 | o°7I 
7°14. | 1°20, 
I*I3 | 0°53 
3°12 | 0°59 
54°64 | 3°31 
2°24 | 0°67 
13°82 | 1°40 
3°09 | 0°88 
2°94. | 0° 
36°63 e 
105°76 | 2°75 
43°50 | I°gr | 
5°84 | 0°76 | 
7°85 | 0°84 
6°78 | o°72 
107°QO | 4°24 | 
146°73 | 3°50 
79°53 | 2°04 
23°50 | 1°61 
19°71 | 1°68 
8°62 | 1°11 
12°59 | 1°78 
2°OI | o'47 
I°3i | o°51 
8°28 | og! 
1°79 | 0°55 
40°88 | 2°02 | 
60°59 | 2°94 
54°18 | 2°78 
22°46 | 1°60 
15°39 | 1°31 | 
148°69 | 5°45 
0°66 | 0°33 
2°90 | 0'6g | 
31°56 | 1°87 
0°63 | 0°33 
14°87 | 1°93 
15°36 | 1°60 
12°77 | 1°46 
26°98 | 1°57 
20°87 | 1°52 | 
2°18 | 0°47 | 
38°15 | 2°06 
11°76 | 0°99 
8°55 | 1°20 
4g°r7 } 2°! 
14°37 | 1°27 
16°85 | 1°06 
0°82 | 0°37 
11°48 | 1°52 | 


416 PRINCIPAL ‘TRIANGULATION. 


A. TABLE SHEWING THE MEAN AMOUNTS AT THE DIFFERENT STATIONS 


OF THE 
CORRECTIONS to rus BEARINGS 


OBSERVED WITH THE SMALLER INSTRUMENTS. 









































ala 48 tf g Peace ue Average}; & e } Sum of F Eee 
o ecip. | oz | Squares of | Value o o ecip. {Que alue o 
Names. Bear-| of : ES& Corres: Corree.- Names. Bear- of. ES § es Corree- 
ings. | Weight. eos tions. tions. ings. | Weight, 2Sr tions. tions. 
Acklam Wold. . . | 6] 4°20] 4) 22°45 | 1°93 |] Little Stirling . . | 3} 1°30] 5 2°04 | 0°83 
Beachy Head. 2. | 5 | r°1s | 2t 4°48 | 0°95 || Littletown Down. .| 5 [29°65 | 8 | 197°03 | 6°28 
Beacon Hill, Trescow | 7 | 0°72 | 19 9°07 | 1°14 || Merrington Church . | § | 7°79 | 13 | 66°56 | 3°62 
Boniface Down : 7 | gtit 7 | 323°97 | 6°80 |] Mickfield Tower . 6 | 1°09 | 22 | 32°52 | 2°33 
Boniface Down, S. E.. 6 j10°70 | 6 {1058*30 |13°28 || Naseby . . -| 6&1 5°45] 7] 73°29 | 3°50 
Boston Tower. . 71 2°OI1 | 9g | 124°92 | 4°23 || Naughton Tower . 8 {2°48 | rr {| 18°65 | 1°53 
| Brandon Hill (Ireland) 2 {10°76} 6 6-15 | 1°76 || Nive Hill. . . 3 128°46 | 19 | ro'2g | 1°85 
Brown Willy .. Io | 1°26 | 13 | 130°28 | 3°61 | Nodes Beacon . , | 10 1°67 | 12 | x7°8r | 1°33 
Carn Galver .  .) . | 12 | 1°83] 15 | 30°54 | 1°60 1] Norwich Spiro . . | 7 | 6°35 | 41! 35°66 | 2°26 
Crowle ~ © «| 7 {| 5°08 | 4} 18°56} 1°63 1} Norwood . 6} o'gr | ro} x97°'19 | 1°69 
Cyrn-y-Brain. . «| 6 | 4°22 117 | 41°08 | 2°62 |] O. M.O. Southampton 3 130°18 | 12 6°94 | 1°52 
| Danbury Spire. . | 12 | 3°83 | 12 | 27°34 | 1°51 |} Otley Church Tower. | 6 | 1°07} 17] 13°02 | 1°47 
Haston Tower . . | 7 | 2°14 | 8 | 112°96 | 4°02 |} Peninnis Windmill . | 6 | 4°79 | 22 | 50°68 | 2°91 
| Feaghmaan . . 4 80°85 | 3 | 211°14 | 7°27 || Peterhead Windmill . | 4 (44°73 |] 9 | 96°59 | 491 
Gerth of Seciw . «| 3 [30°46 | 30 | 39°48 | 3°63 || St. Martin’s Day Mark 6 | o°82 | 17 7°86 | 1°14 
Gorleston Tower... 41 4°80 9 4°79 , 1°10 St. Peter’s Church Tr. 5 | 2°46 9 9°13 | 1°35 
Great Stirling . . | 3 13843 | 11 7°81 | 1°61 || Saxavord . . ©. . | § | ov6r | 8] 15°93 | 1°79 
High Port Cliff . . | 2 | 3°31 | rr} 44°2t | 4°70 {| Shanklin .. 3 | tro] 8 3°38 | 1°06 
Hingham. . . «| 6] 3°29! 8 7°80 | 1°14 |} Slieve 2 More i in Achill 37 1°66) g | 41°56 | 3°72 
| Holme Moss . 8 | 3°07 | § | 97°45 | 3°49 {| Swaffham Tower, . | 9 | 3°43] 10] 74°29 | 2°87 
| Keysoe Church Spire 71 ry7 | 8 | 23°53 | 1°83 Telegraph Tower. . | 6] 1°34 | 19} 19°30] 1°79 
| Knockalongy . . .| 41 5°90} 8 | 14°76} 1°92 |{ Thaxted Spire . 7|2°4r 1 15 | 1ze2r | 1°57 
Knocknadober . . | § | 5°78} 5 | 34°27 | 2°62 || Week Down . . 6) 3°72] 9g | 58°34 | 3°12 
Knoucknagante . .| 4 Bo" 16 | 7 | 249°03 | 7°89 |] Wroxall . 2. , | 2 4°59} 5} 27°00 | 3°67 
ee : - : nS 
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— SECTION VIIL 


TRIANGLES AND DISTANCES. 





CALCULATION OF DISTANCES. 


In the preceding section we have-given the results of the calculations for determining the 
most probable corrections to be applied to the observed bearings for the principal triangu- 
lation. These corrections being applied to their respective bearings, the process of 
calculating the distances is sufficiently simple: if ABC be the angles of any triangle, ¢ the 
spherical excess = A -+- B + C — 180°, then any one side c being given, we have 


a = c sin (A — :) cosec (C —~ =) 
b= csin (3 ~ =) cosec (Cc - =) 


It remains now to consider, what is to be taken as the absolute length of any one side 
of the triangulation? Yor this purpose, we have the measured lengths of six base-lines, and 
from any one of them we might calculate the whole of the distances; but as in general each 
base-line should have weight in-the final distances, we may proceed as follows: Let 
A, A,-A, ++++ be the measured lengths of the bases, and let ¢, 9, ¢, «+--+ be the ratios of 
their lengths to that of any side in the triangulation as determined by the calculation of 
the triangles, and let « be the most probable length of this side; then if w, w, w, ++++be 
the weights of the measurement of the bases, + must be such that 


w, (0,0 — A, + w, (a0 — A, + 0, (0,0 — AJP teers 
shall be a minimum. The differential coefficient with respect to x being put = o, we have 


W, 0," + W, 0,7 + 0, 0,7 + ees 


which gives the most probable length of the side required, and the scale of absolute distance. 
To determine the weight of 2, put the denominator of the fraction = v, and let w be 


the weight of «; then 7 
I a 1 (*~ Cr, \? 4. rT (= a2)" i: i (= 3 
W w, V WW, V Ww, Vv 


1 Or" ts Oy" + 0,7 + eee _ 


Vv? 


ve W = 0, 0,7 + ow, @,7 + 0,0)? brerevese : 
3G 
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If the side x coincide with one of the base-lines A,, then e, = 1, and 


HW 
WO, + 0,0, + 0.7% + +-> 
a — A, = 72 An = 2 Ay) + oy gy (Ay ~ gp Ad) + os 


O, + W, @," + 0,7 + oes 


which is the correction to be applied to the measured length of the base-line A,. 
If L, L, L, ----+ be the logarithms of the measured lengths, and L, L, L,’ ---- be the 
corresponding logarithms given by the triangulation (using the measured length of A, as the 
standard), then it will follow that the correction to the logarithm of any side will be 


wy A? (Li, — ,’) +, A’ (ly — Ly) + sss 
wo, A? +0, A +o, A? beers 


In the application of this principle to our triangulation, we are stopped in the outset by 
the impossibility of ascribing with any kind of accuracy the proper relative weights to the 
measurements of the base lines. Two different methods of measurement have been 
employed, namely by steel chains of 100 feet in length, and by the compensation bars. 
The relative value of the two methods might approximately be ascertained by repeated 
measurements of the distance between two points on the ground; such experimental measures 
have not however been made, nor would the relative weights thus obtained enable us to 
assign weights to measures made under different circumstances of ground, and with different 
degrees of carefulness and experience. If the relative precision of the compensation method 
be at all proportioned to the complication of the apparatus and tediousness of the process, 
the weight of a chain measurement will be comparatively small,—and that the former method 
is much more accurate there can be no doubt. 

In the absence of any means of ascertaining the comparative value of the old bases, the 
absolute distances have been made to depend upon the Lough Foyle and Salisbury Plain 
compensation bases. The relative weights of the measurements of these two bases it would 
be difficult to assign. ‘The ground :in the former case was very much more favourable than 
in the latter, while on the other hand, the measurement of the line on Salisbury Plain was 
more perfect, from the circumstance of the compensation microscopes having been frequently 
and regularly examined and compared with the standard brass’ scale: in the measure- 
ment of the Lough Foyle base these comparisons were either very few or not generally 
recorded. 

It follows from the theory of accidental errors of observation, that their influence to be 
apprehended in the measurement of a line is proportioned to the square root of its length ; 
and hence the absolute length of any side in the triangulation has been taken, such, that the 
apparent errors of the measured lines at Lough Foyle and on Salisbury Plain as compared 
with their lengths in the consistent triangulation shall be proportioned to the square roots 
of their lengths. ie 
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The logarithm of the measured length in feet of the base line on Salisbury Plain 1s 
4+5632182708, and the logarithm of the length as calculated from the measured length of 
the Lough Foyle base is 4-5632136242, the former exceeding the latter by -c000046466. 
Let A, and A, be the measured lengths of the bases, A,-++ # WA, and A, -- «VA, their 
lengths adopted in the triangulation of which the ratio is given, then 

| A, —2VA.)\ _. | 
Log a log (A, ea = 0000046466 
— My VALt VA, 
J A,A, 


Also, if w be the correction to the logarithm of any distance .as calculated from the 
measured length of the Lough Foyle base : 


wu = log Ar + VA, _ Ma — 
1 VA, ™ 
= +0000046466 ee ea ae :0000022.480 
VA, + VA, 


since VA, = 204-06 and WA, = 191-25: also « = -0010563, and consequently the 
apparent errors of the measured lengths will be 


Feet. Inches. - 
Lough Foyle Base «+--+ + 00-2155 = + 2-586 
Salisbury Plain Base +---— 02020 = — 2-424 


The difference between the lengths of the Salisbury Plain base as measured (M), and 
as calculated (C) from the Lough Foyle base, is given by the equation 


M—C 
M+C 





Log - = 2 (Modulus) = :0000046466 
oe M x +0000046466 _ 13913 
(Modulus) 


M = C + 4-6956 inches 


The probable error of this determination depends upon the probable errors of the mea- 
surements of the two lines, and also upon the probable error of the ratio of the two lines as 
derived from the triangulation. 


The calculation of this last probable error is possible, but quite impracticable. It may, 
however, be interesting to ascertain the amount of error that might be expected to result 


from the. errors of observation of the triangulation, supposing one single chain of triangles 
3G 2 7 
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only to connect the two bases. For this purpose, take the triangles contained in the fol- 
lowing table. 


Error 














| No. Names. Angles. ofSum, | No Names, = |_~—s Angles. oe | 

South End . . 67 ° 3 7 7 | Precelly ; 47 . 7 = 

1 | North End . . 84°25 | —0°32 9 | Dunkery . . , 62°52 | +002 
Slieve Snaght . 27°57 _ | Cradle . . , 70°O 
North End . . 92°41 Cradle, ., . , 46°Ar | 

2 |Sawel. . . . 32°57 | —4°06] I0 | Mendip , , , 68°32 | +o°r3 
Slieve Snaght . 54°21 Dunkery , , , 64.°46 
Slieve Snaght . 40°3 | Dunkery , . 41°48 

3 | Cuileagh . . 20°20. | +2°08 | 11 | Pillesdon , , , 76°39 «| —0°26 
Sawel. . . «| 119°36 Mendip ., ., , 61°32 | 
Sawel. . 1. . 82°15 Pillesdon , , , 44°42 

4 | Slieve Donard .]  43°6 +1°0o7 | 12 | Wingreen, , . 6127 | —1°62 
Cuileagh . .. 54°38 Mendip .. . 73°50 | 
Cuileagh . . 48°27 Mendip . . , 36°36 

5 | Kippure . . . 53°34 | ~1I°3r ft 13 | Beacon Hill . , 43°16 | +4°61 
Slieve Donard 77°58 Wingreen. * . | 100°7 
Slieve Donard . 59°12 Wingreen. .- . R0°13 

6 | Snowdon. ., . 40°36 | —5°83] 14 | Dean Hill, , , 82°56 | —4°95 
Kippuro . . . 8o°rr Beacon Hill ., 66°50 
Kippure . , «+ 48°2 | Dean Hill, . 39°29 

7 | Precelly . . , 57°30 | +1°30] 15 | Four-mile Stone . 92°5 —0o°62 
Snowdon. . . 74°27 Beacon Hill . 68°25 
Snowdon . . «| (48°58) Four-mile Stone . 70°2 | 

8 | Cradle. . . . 68°30 |Notobscrvedl 16 | Old Sarum Gun . 85-58 | 4.57 
Precelly . . «| 62°31 Beacon Hill . .| 23°59 





If 2, 8, represent the first and second angle of any triangle, 
S (cot?a + cot?8) = 30-04 
% (cot?a + cota cotB + cot?8) = 39.46 





The ratio of the lengths of the base-lines, putting «, @, for the first and second angles 
of the n™ triangle, is expressed by the equation 


A,  SIN4@, SMa, sina,-+...6. SIN c,¢ 


a a me 
A, sin B, sin B, §1In B, * @ee4e6¢ @ sin By6 


Suppose @, -F 2, B, + Yn, to be the true angles, — x, and — y, being the errors of 
observation corresponding to the observed angles «, 8; then 


sin a, + ° * * SIN a6 


ot eee nae (1 +, coba,—¥, cot 8, +2, cot by 4, cot B,++ > +X, Cot 4156 — Yc cot Bs) 


A,=A 





CALCULATION OF DISTANCES. ‘421 


If now 2, y, 7, Y, +++ be all independent, that is, supposing two angles only of each 
triangle to be observed, the probable error of A, will be 


+ A, ay ( (x,’ cot a,)? + (y,’ cot B,)? + (ax,/ cot «,)* + (y,' cot «,)? + baste -) 
t,/ Yn being the probable values of x, y,. If we assume a mean quantity, 6, as the probable 
error of observation of a bearing, the probable error of observation of an angle will be 62, 
and the probable error of A, will be 
+ A, 0/72 WS (cot? a, + cot? B,) 

or, expressing 4 in seconds and putting A, = 36578 feet, we have 

Probable error of calculated length of Salisbury Base 

= ct 36578 /2 sin 1”. 0 VX (cot? a, + cot? B,) 

= 1-376 feet, 





which depends entirely on the value we choose to assign to 9. If the angles were well 
observed, so that 6 might be taken as = o”-5, the probable error would be £ 0:68, or 
8 inches. 

If the three angles of each triangle be observed, and «, ¢, -++-> be the errors of the 
sums of the angles, then the probable error of A, will be* | 


pa = As a/ (cot a, + cot a, cot Bb, + cot? B, ) ¢? +- ( cot? a, + cot a, cot B, + cot? 6.) é,? +. ae 
or if « be the mean value of the quantities ¢, «, ----- 


3 hs \/s S (cot? a, + cot a, cot 8, + cot? a) 


or; expressing the ‘eciuie € in seconds, 
. ck 12193 sin 1/¢ \/ = (cot? a, + cota, cot B, + cot? B.) 


The sum of the squares of the quantities « for 15 triangles inthe above table is 129- 16, 
so that we may put ¢ = 2-93: also the value of the quantity under the radical being 
= 39-462, we have, | 


Probable error = -& 1-09 fect. 
If instead of restricting ¢ to its value, as resulting from the particular triangles under 


consideration, we put « = 6 v 6, 6 being still the probable error of observation of a bearing, 


should have had, 
Probable error = + o-91-0 feet. 


which would be the probable error of the length of the Salisbury Plain base as calculated 
from the Lough Foyle base, on the supposition of there being no other means than the single . 
chain of triangles contained in the table, and of the three angles of each triangle being 


observed in each case with an even probable error of 672. 
* Laplace: “Théoric Analytique des Probabilités : Deuxitme Supplément.” Paris, 1847. 
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If + «, A, and + «, A, be the probable errors of the measurements of the Lough Foyle 
and Salisbury Plain bases, and + «R the probable error of the ratio, R, of the two bases given 
by the triangulation, the probable value of the discrepancy will be,—expressed in feet, 


+ 36578 Va? + a? + 2 
If 0, ¢, be the ratios (as given by the triangulation) of the two bases to any side in the 
triangulation, the absolute length, a, of that side is 


AWA, + AWA, 


Amz 
eVA, + 0, VA, 


If instead of assigning to each base an error proportional to the square root of its length, 
the errors had been assigned as the lengths directly, the absolute length of any side would 
have exceeded the above length in the proportion of 
e, A, — e, A, VA, — VA, , 


pe oak, + 0, A, WA, + WA, ea 


or; substituting the values of = A, and A,, in the proportion of 1-0000001 73 to unity, equi- 


Cx 
valent to an increase of one inch in a hundred miles. 


ComMPARISON OF Bases. 
The annexed table contains the lengths of the bases as measured and reduced to the 


same standard, and their lengths as shown in the triangulation, in accordance with the 
adopted scale of linear measure. The last column of the table shows the discrepancies. 





Length in Terms |Length os Terms 


Date. ' ‘Bases. of 0 Length in Difference. .| 
° Ramsden’s Seale.|Ord. Standard O,,| Triangulation. 














1791 | Hounsrow HEATH 274.04.° 24, 27406°190 | 27406°363 | +0°173 
1794 | SaLIsBuRY PLAIN 36574°23 36576°830 | 36577°656 | -+-0°826 
1801 | ALisrerTon CARR . 26342°19 26344060 26343 °869 —o°*Igi 
1806 | 2nuppran Mansi 24514.°26 24516°000 | 24517°596 +1°596 
[1817 | Bernervie . 26515°65 26517°530 | 26517°770 | -+0°240 
1827 | Loven T’oyLr 41640°887 | 41641°103 | +0°216 
1849 | SarisBury PLAIN 36577°858 36577°656 —0°202 


We may now estimate the difference that would have resulted in the absolute distances, 
if the first five bases measured with the 100-feet chain had been allowed to have a weight 
in the determination. Suppose these bases to have an equal weight represented by unity, 
while the weights of the compensation bases are represented by w. Let 3, 3, --- represent 
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the differences in the last column of the table, A, A, +--+ representing the lengths of the 
bases. Now, if 1 + 2 be the multiplier by which all the distances should be increased, the 
- quantity , 
| (A,a+3 4+ (Apa + hy +--- + 0(Aga + &)? + o (A, 4+ 8) 
must be a minimum with respect to 2; this gives 
_ A, 8d, + ALO, +++ + w Ag hs + wA, 8, 

AZ +A? +++ + aA? + w A, 

= — 15409 + 01593 @ 

408451 + 307012, w 
from which it follows, that if we give all the bases equal weight, the assumed absolute dis- 
tances would have to be multiplied by 
099998924. : log = 9-99999533 

By assigning double weight to the compensation bases, the absolute distances would 

require to be multiplied by 


oo = 


0-99999231 : log = 9-99999666 
The alteration im the former case would be at the rate of — 5-8 feet in every hundred. 
miles; in the latter case — 4-1 feet in every hundred miles. 
And in general, leaving » indeterminate, the correction to any distance, as given in 
the triangulation, will be at the rate of 


— 27306 A734 + ® foot 


1°33 + 
to one hundred miles ; or the correction to the eight-figure logarithm of the distance will be 


47°34 + w 


ae 1°33 + 0 


The following table shows the apparent errors, in inches, of the measurements on the 
suppositions of # = I, w = 2, and as actually assumed. 





Giving equal Weight to all | Giving double Weight to 
Bases. 


first two Bases. ecotined as most probable. 


aes Error Error Error Error _ Error Error 

of Measure. per Mile. | of Measure. per Mile. | of Measure. | per Mile. 

| Saxispury PLAIN + 7°15} + 1°03 | + 5°80] + 0°84 | + 2°42] + 0°35 

Loven Foye + 2°80} + 0°36] + 1°24 | + 0°16] — 2°59 | — 0°33 

HTouxstow Hearn . + 1°46] + 0°28] + 0°45 | + 0709 | — 2°08 | — or4o 

1 AQisrerTon Carr. + 5°72 + 1°15 + 4°71 + 0°94) + 2°29 +- 0°45 

BELNELVIE ~| + o'55 | + o712 | — 0°43 | — 008 | — 2°88 | — 0°57 
Sarispuny(Orp) .| — 5°18} —o'74 | — 6°54] ~— 0°94 | — gior| — 1°43 

dtnvppran Mansn . | —15°99 | — 3°43 | —16°89 | — 3°63} —r19°15 | — 4°12 





SA EO IT EEE | eae EIS, | CR EE | SETS oi ACTED | QAR py eA TT 


Sine re 
Mean Amounts. .| + 7:29] + reas] + 7°39] +149] + 8°40] + 1°69 
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From the last column of this table it would appear that the last five bases, measured 
with Ramsden’s Steel Chain, are in defect by the average amount of 1-21 inches per mile. 
This might be attributed to an error in the comparison between the standard measure used 
in reference to these bases, and O,; but the individual differences are not sufficiently regular 
to give much probability to this hypothesis, which would in reality rest almost entirely 
upon the comparatively large error shown in the Rhuddlan Marsh base. In examining’ the 
fixation of this base-line, page 396, it will be observed that for the determination of 
34 corrections there are only given twelve equations between them. The general pro- 
portion of the number of equations to the number of corrections or observed bearings in 
any part of the triangulation is nearly as 6 : 10, consequently the number of Equations of 
Condition for the fixation of the Rhuddlan Marsh base should be 20. The conncction of 
this base-line is therefore defective in this respect. It has also been stated that there was 
some uncertainty with respect to the refinding of the centres of the old stations at Llanelian 
and Arrenig at the time of the new observations at Cyrn-y-Brain in 1852; the centre stone 
of the latter station was then found in good preservation. 

The measurement of the Salisbury base-line in 1849 exceeded the old measurement 
with the chains in 1794 by 12-33 inches. Part of this difference may be owing to a 
small displacement of the guns marking the extremities of this base-line during the fifty-five 
years that elapsed from their first being sunk and their being revisited in 1849. 

The errors shown by the remaining bases are sufficiently small, and do not call for 
special notice. 7 | 


‘TABLE SHEWING RELATIVE DISTANCES OF BASE-LINES, 


IN MILES. 





Names, Hounslow. | Salisbury. | Misterton, | Rhuddlan, | Belhelvie, | Lough Foyle. 


eo | eee 
ees | ee nena cieninipatisuoemmmiesicubeis 


Hounslow . . .|-* « | 62°48 | 142°93 | 183°22 | 4o6+10 | 370°78 


Sauisnuny . . .| 62°48|.  . | 166°68 | 166-sq | 422-52 | 349°13 
Mistenrtron . . . | 142°93 | 166°68 | . » | 108°97 | 262°26 | 269°15 
RuvupviaN . . « | 183°22 | 166°5g | 108°97 1. . | 279°78 | 187°58 
BELNELVIE . . «| 406°10 | 422°52 | 262°26 | 279°78 | . - | 241°39 


Loucu Fovre . . | 370°78 | 349°13 | 269°15 | 187°58 | 241°39 | 
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Di i ; 
Names of Stations. Corrected Angles. Log. Distances. ease ! ad of 
Miles. : 
——| | | —_——__]__ sae | acne 
South Innd of Base ......... 53 30 53-209 4:62321693 is 
North Innd of Base ......... 73 37 18-656 | 4:69996493 || 50114-676 9-5 || —1-40 
Drung Point .....s.cccsseseeee 52 51 48-529 | 4°61952222 | 41641-103 7°9 
| 180 0 0-394 
South Ind of Base ......... | 53 30 52-415 | 4:66834381 || 46595-482 8-8 
Drung Point ........secesesees | 66 37 60-557 | 472591989 || 53201-O1I | IOI || —2-77 
Mount Sandy  ....ceseseceeee | 59 51 7+532 | 469996493 | 50114:676 | 9:5 
180 0 0-504 . 
South Ind of Base ......... | 97 37 37-739 | 4:92461702 || 84065-35 | 15-9 
Mount Sandy seceesececosees | 76 33 17-344 4.9465 3490 88416-82 16-8 —o-84 
Slieve Snaght eecccccescccces | 35 49 5°939 472,59 1989 53201-01 lO-] 
180 0 1-022 
South End of Base .....++.. | 67 37 38-534 | 4:91461101 || 82150-651 | 15-6 
North Iind of Base ....s+e« | 84 25 14:637 | 494653490 || 88416-822 | 16-8 | —0-32 
Slieve Snaght ....cccceeeeese 29 57 7-629 | 4°61952222 | 41641-103 | 7-9 
, 180 0 0-800 | 
Slieve Snaght ........seceee 54 21 6-969 | 5:08895548 | I22731-34 | 23-9 
North Ind of Base ......... | 92 41 50-595 | 5°17859199 || 150866-21 | 28-6 || —4-06 
Sawel........ Ade denisasinueeamave | 32 57 4803 | 4-91461101 82150:65 | 15:6 
, 180 0 2-367 
Mount Sandy See Sees eS hess 84. 7 14°736 5°1785 9199 | 150866-21 28-6 
Slieve Snaght Jae wa wevebe ois ' 62 13 5279 5°12769166 134181-20 | 25+4 —0:92 
SAWEl ci sciecssseeewccwdseeceuees | 33 39 42-622 | 492461702 84065-35 | 15-9 
| 180 0 2-637 | 
SAW] ...scceseeeesecescererenes | 76 42 31-280 | 5°35557056 | 226762-15 | 42-9 
Slieve Snaght ..... seseueees | 62 56 25-go1 | 5°31701186 |) 207497-02 | 39°3 || —5°44 
Knocklayd.....csccccsescceeces | 40 21 9-979 5°17859199 || 150866-21 | 28-6 
| 180 0 47-160 : 
Wl caiute chuendcswecesueeuunes | 43 2 48-658 5°15444656 342707+42 27:0 
Mount Sandy Oe ccencccsscsas | 97 I 37-771 5°31701186 207497 °02 39°3 — 3°71 
Knocklayd ooo eecsscceseseccces 39 55 38-037 5*12769166 134181°20 254 
180 0 4-466 
Sawel...vee Dececevevecsscececs | 60 21 12-157 | 5+26268200 || 183097-33 | 34-7 
Knocklayd .....ssccccsccsscees 39 36 57-704 | 512818857 || 134334-81 | 25-4 |ISupplementary. 
Cundtham ....cccovececececeees | 80 1 55-832 | 531701186 || 207497-02 | 39-3 
| 180 0 5-693 | 
Sawel..sccsccssoerseesseeveveeee | 16 21 19+123 | 464091218 || 43743-365 | 843 
Slieve Snaght ...cccscesseevee | 59 51 19-301 | 5+1281885> | 134334-81 | 25-4 x 
Cundtham ....ccceoe. Ceeeecvene | 103 47 22-917 5°1785 9199 150866-21 28-6 


| 180 0 36341 | 
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| : ‘ 
| Dista , 
ae Names of Stations. | Corrected Angles, | Log. Distances. el a8 
| fe) ( ! 7 
Mount Sandy... ...ccccccsesees | 73 59 46-865 4°75776118 || 57248-113} 10-8 | . 
Ir j South End of Base........... | 4% 42 50°952 | 4:60637539 || 40399-444 | 4-7 | 1-22 
Cundtham ...... sCosweeiues eek | 63 17 22-669 | 4:72591989 | 53201-011-| 10-1 
, 180 0 0-486 
aL LAA VL | 
Mount Sandy .........csssees | 73 59 49°727 | 4:58923649 | 38836-179 | 7:4 | 
£2 |, Cundthamn s. sissseccesevenssove 16 37 33-674. | 4:0629 5444 || 11559910 | 2-2 | +-o-rr | 
North End of Base re 89 22 36-704 | 4:60637539 || 40399-4444 | 7-7 | | 
180 0 O-105 | 
= | De 
DLW el cc dysuuaecsuweusseserenses 13 5 8-947 | 4:67207342 || 46997-387 8-9 | 
13 | Knocklayd........0.sssecereees 78 31 47°308 | 530842277 | 203433-64 | 38-5 | tb 1+74. 
Trostan ..ccccccsccceserasevcess | 88 23- 5-931 | 5-31701186 || 207497-02 | 39-3 3 | 
1 180 0 2-246 | 
AWE] se seccceeeeenees ee erceeces 89 47 40°227 5: 4028 3536 | 9,52833°93 -ADeQ : 
14° | Slieve Snaght cere eececeseens ' 53 34 23-265 1 5: 3084227 | 2.03433-64 38-5 | —1-35 
TrOstan. ..csccsceeees sraseoseeee | 36 38 3-721 | 5-17859199 || 150866-21 | 28-6 
|_180_ 07-213, 
DUEL. cesecaeetoucsscetesess vere || 68 20 8-138 | 5+50512565 || 319982:08 | 60-6 | ; 
15. Vo SOStith: cescvescinvonsses esses H 75 26 59-030 | 5-52278501 | 333261-40:-} 63-1 | —ovg 
Slieve Donard ........ececes | 36 13 7-640 | 5+30842277 || 203433-64 + 38-5 | 
| mn - 
Sawel....ccccccccscssssserseeeee || 82 15 28-414 | 560738062 |) 404930-62 | 76-7 
16 | Slieve Donard ery ere | 43 6 32-532 | 5+44601136 || 279261-72 | 52-9 || +1-07 
Ciiileael cisiencniiacssesenes eine {__54 38 20-731 | 5-52278501 || 333261-40 | 63-1 - 
| 180 0 21°677 | 
Sawel..ccscseesere ices aseewuues | TIQ 36 43-221 | 5:57672864 || 377336-34 | 71-5 . 
17 | Slieve Snaght ............00. 40 2 55-977 | 544601136 |} 279261-72 | 52-9 | +1+08 
Cuilcagh......cccccoveees seovees || 20 20 29-411 | 5+17859199 || 150866-21- 28-6 | 
180 0 8-609 ! | 
TIVE] suis desea wasaweuese casas Sus | 62 44 3-015 | 5+41861291 || 262188-06 49-7 | ar 
18 | Cuileagh ..sreccsecers whinge | 46 2 51-007 | 5:32704220 |} 212345-08 | 4o-2 | —1-65 
aa Can: Gesessaesseaxsioes | 71 13 18-368 | 5-44601136 || 279261-72 | 52-9 
| 180 0 12-390 | 
Sa iiel sss suswonctonsectenscetstae | 44 33 11-948 | 5-205 4r4r'l| 167973-75 | 31-8 | 
IQ | Vicars Carn ....cccccseceeecs oil 72 57 49-187 | 5-35968473 || 228920-52 | 43-4 || —1-392 
DIVAS: oesarvenbacadeseseseavesiees 62 29 6-881 | 5+32704220 |] 212345-08'| 40-2 | 
; 180 0 8-016 ! 
DAVIS ave vzicnvesstanetinenewess | 54 54 10-809 | 5. eee 150857+60 |: 28-6 on | 
20 | Vicars Carn ......cccssessnees | 59 27 12-323 | 5-20083103 || 158792-88 |- 30-1 || +0-79 
Slieve Donard .........00800. 65 38 41-998 | 5-29524141 | 167973-75') 31-8 |] 
180 0 5130 
Sawel.. . ; 
POO eee eeeeeescsscsenenes 43 18 21-590 | 5-20757696 |] 1612478-68 | 30-5 | 
21 cage sinSasin'eoupwa bac deececden 76 47 38-959 5°35968473 || 228920-52 | 43-4 0-26 
Ivis tO Oe erence ecneens seues ‘ 59 54 6°958 5 308422979 203433-64° : 38-5 
| 3 180 O 7.507 





3H 2 














428 PRINCIPAL TRIANGULATION. 
IGURE 1—continued. 
No. of Names of Stations. Corrected Angles, Log. Distances. clea sles 
Pe Feet. Miles. 
Sawel....csccssvecsevecceccesees 56.23 30537 5°31609989 || 207061-75 | 39-2 ig 
2% | Knocklayd......cccsseoseee 67 2 14284 |} 5-35968473 || 228920-52 | 43-4 |] 2°58 
Divis .sessees Pd eeeseceaacoeeence 56 34. 24°476 | 5+31701186 || 207497-02 | 39+3 
180 0 9:297 
Knockliy d vcsscsssessstessetens 107 23 24263 | 554382111 || 349801-06 | 66-2 | 
23 | DAVIS cscccccsccovecnscecenscesee 38 13° 2-480 | 5+35557056 || 226762-15 | 42-9 || 41-30. 
Shieve Snaght secceccosseesee || 34 23 43-787 | 5°31609989 || 207061-75 | 39-2 
180 0 10-530 | | 
FIGURE 2. 
Cuilcagh sebeaevees poseuiwieren ee 48 26 57-849 5°57587896 || 376598-83 | 71-3 
I | Shteve Donard ........+0. nie 77 58 57-091 | 569215523 || 492215-44 | 93-2 || —1-31 | 
KKippure ..ceccccceseccrvs covers 53 34 40-123 | 5:6073 8062 || 404930-62 | 76-4 
180 0 35-063 | 
Cuilcagh aewaes eedasceeeseds iiss 5I 55 14:884 | 5:65605572 | 452955-69 | 85-8 
% | KGppure.ccececccesscccsseccees ‘ 69 17 30-429 | 5:73100149 || 538271-62 | 101-9 || —o-59 
Heeper aessscssscscresessovesee || 58 48 3-718 | 569215523 || 492215+44 | 93-2 
| 180 0 49-031 : | 
Cuilcagh.......e00. sisowyenesas 31 9 50-633 | 5-4864.1948 |: 306492-21 58:0 | 
3 | Keeper ....e yadeisiaxevnewwes 34 10 38-462 | 5+52206794 | 332711-60 | 63-0} —o-84 
| Croghan.ersersecssccscssecreoee || 14 39 52-693 | 573100149 || 5382471-62 | 101-9 
180 o 21-4788 
Cuilcagh........ sesaestunnnaeen ~ | 20 48 24-251 | 5+33464833 || 216096-80 | 40-9 
A | Kappure...coocrecccscsecceses ee 33 4 5583 | 5°52206794 || 332711-60 | 63:0 || +7+79 
Croghan ...coscccsscseeeseseeese || 126 10 43-809 | 5°69215523 || 492215-44 | 93-2 
180 0 13:643 
Cuilcagh.........0 piseaiwcene 69 12 22-100 | 5:62642300 || 423080-49 | 80-1 
8 | Slieve Donard ....cccccsseeee 47 19 26-318 | 5-52206794 || 332711-60 | 63-0 || +4+57 
Croghan....... pabemsauebane ve || 63 28 41-188 | 5-60738062 || 404930-62 | 76-7 
180 0 29-606 
Kippure..eeereee seevescoae oeee 86 38 45-707 | 5-62642300 || 423080-49 | 80-1 
6 | Slieve Donard ........ easieges 30 39 30°773 | 5-33464833 | 216096-80 | 40-9 | +1-90 
CLOPNAN dsccsescevasveesvaecess 62 42 2-621 5+5758 7896 376598-83 71:3 | 
180 © 19-100 | 
Kippure SCeebedeT eso eERESEeDeESeE | 36 I3 24°846 5+48641948 306492-21 58-0 | 
4 | Keeper ssessseccecsccerecsseses "24 37 25+256 | 533464833 || 216096-80 | 40-9 | —7-47 
Croghan eveesesceressesesssevee || I1Q 9 23-498 | 565605572 | 45295569 | 85-8 
180 0 13-600 
Cuilcagh..... soses Sbossereeccore 68 22 0878 5°7162 2432 : 52026465 98-5 
8 Keeper eececenias Gawedas eevee 37 3% 47°704 | 5:53282660 || 341056-71 | 64:6 | +1-81 
Nephin CRC CH HCHO REO ReReeE eee 74. 5 51-538 5°73 100149 538271°62 1OI*g 








180 © 40-120 




















Names of Stations. 





Cuilcath....secsecees sasaueceswe 
Nepliil: a2scseensecserbaesapecae 
Slieve League 


Cuileagh.......... seedaateas anes 
Slieve Snaght ......cescesess 
Slicve League sccsecseseees 


eeteeeseeeneeeeseese nantes 


eeseeeeeeeetoveeeSaeeeses 


eeeeesveaseeteeeeseetesees 


Keeper 


WRCNCOLT viswienbiesdedheseiexecns | 


INCCPEY. dsieastwornieiycebeseses 
Baurtregaum ......secccssseees 
Knockanaffrin 


eesooevees 


Keeper ose... ebecawasontayetes | 
INIPPUTS csisewecieessecseeaesess ! 


Knockanaffrin 


Nephin .....seee sed seadvewenes 
Slieve League 
Slieve More ...... saniaoeweess 


eevaeeeC Cheese eve 


Nephin ....... sinaegaelonanokiel : 
TSCNGCONE wassedeeeesiie veces 


Pee esseeceesrssetesnes 


Bencorr ....... Se eatcneeaeneeeus 


Cteoeveseesesoce 
FO Omer eer ren cores eeevete 


SOF eoresesseceeses 


i] 
eeeaveceeseseen ' 





' 180 oO 
22 47 43°713 


| 102 34 
180 o 





TRIANGLES. 


Figure 2—continued. 


Corrected Angles. 


a ga A A 


4f / ° 


5% 5 58-287 
46 50 19-546 
Sr 3 58-098 


15°931 
57°961 


51475 
30-670 


180 oO 


64 10 
49 15 
75 33 


20-106 


54 38 31-770 
5118 


20-601 
9°994 


23°595 

4°774 
38-363 
55°176 
18-935 

6+765 
20-876 


19-695 
39-868 


22-O41 
2.2+5O4 


68 58 
52 16 
58 46 
180 o 


103 7 
25 57 
50 55 


180 oO 


68 45 
29 40 
81 34 
180 0 


I2I 9 37°343 
19 59 55:616 
38 50 35-182 


' 180 o 8-141 


15 39°803 


| 180 0 4-959 





Log. Distances, 


Ei, | IC eines | Ce eieeectcetiy | | aetna 


5°43524110 
540110340 
5°5328 2660 


5°54500251 
540110340 |. 
5°5767 2864. | 


531492750 | 
5:6381 9669 


5°7 1622432 | 


5:6762 6133 
5*6043 3034 
56381 9669 


5°7028 3550 
5°35545020 
560433 034 


5°63020198 
5°35545920 
5°6560 5572 








5°1718 5971 
5°3149 2750 





5°5701 8541 
5:1718 5971 
| 


543524110 
| 


52847 2087 


5+52591909 | 
516517958 
5 +3149 2750 


5+16517958 
5°2235 350% 
5°435241 10 


Distances in 


Feet. 


27242132 
251827-64 


34105671 


- 350783-90 


2.51827:64 
377336°34 


20650354 


| 434707-06 


520264:65 


ATA527 +44 
402096+55 
434707 -06 


50447019 
2.2.6702+44 
402096:55 


42677796 
22.6702°44 
452955°O9 


371693-88 
148545°57 
ZTIAYT+32, 


192628-64. 
148545°57 
206503°54 


33507507 
146278+19 


206503 °54 


146278-19 
167315°05 
27242139 


429 





Error of } 
Miles. A. 


+ 2-46 


— 1°68 | 


— 2451 


co 


+7:16 


70-4, | 


Supplementary. | 


—7°50 


Supplementary. 









































430. PRINCIPAL TRIANGULATION, 
FIGURE 2—continued. 
No. of Names of Stations. | Corrected Angles. Log. Distances. | aia | Error of 
A. | Feet. Miles. a. 
| 6 / th | dd 
Slieve League ...cecseeseess. | 53 29 52-460 | 530788538 | 203182-07 | 38-5 
19 Cuilcachisveccassenssecesasdcawes | 41 26 52-863 | 5-22353502 || 167315-05 | 31-7 — 5-95 
Knockalongy .....scessessveees , 85 3 22-638 | 540110340 || 251827-64 | 47°97 
' 180 o 7-961 | | 
NEDBIN: sebssesatesucseesaceGyy 64 41 30-619 | 5°1566261r | 143425-41 | 24-2 
20 | Slicve More ...ceccecsescsenes 45 5% 15°459 | 5°0564.3344 || 113876-32 | 21-6 || —3-86 
Tawnaghmore ..cccccocsseres 69 26 17-517 , 5:1718 5971 148545°57 | 28-1 | 
| 
f 180 0 3°595 | | 
Slieve League .......cccceees | 24. 22 29-433 | 5:0564.3344 113876:32 | 21-6 
a1 | Nephin Ce a | 56 28 eee 5*3617 5872 || 230016-36 | 43-6 |, +5-10 
Tawnaghmore ....scseeeseees 99 9 31-922 | 5°43524110 | 272421-32 | 51-6 | | 
| i 180 0 6-079 | | | | 
Shieve League ......cceeeeeee 51 56 33-071 | 5°26221507 || 182900-57 | 34-6 |i 
22 Knockalongy eevariigeverceeweks i SI 58 49°34. 53617 5872 2.320016-36 | 43°6 | +10-53 
Tawnaghmore cee cccccccecens 46 4 44-738 | 522235 3502 167315:05 31°7 i 
| 180 o 7°123 | | 
Slieve League ...ssecsesceese 105 26 28-591 | 5+58390302 ||. 383621-57 | 7a-4 
23 | Cuilcagh....cs.scsseseceeceeeens 35 18 28-889 | 536175872 || 230016-36 | 43-6 ||supplementary. 
Tawnaghmore .scccssessseeee 39 15 18-405 | 540110340 251827-64 | 47°97 
| 180 0 13-125 | 
Cro@han .cccccceesescsccescsecas | 9 15 37°207 | 478225756 605470-00 | II+5 
G4. | IGP PUYG sees seecesesiansacceseee’ | 25 46 38-584 | 5+21401486 || 163687-25 | 31-0 || +2-19 
Liyon’s FLill 00. .ececeseeeees | 144 57 45°547 | 5°33464833 || 216096-80 | 40-9 
' 180 0 1-338 | : | 
Kippure ssssescssescesseeeeasees 86 8 49:445 | 5:02667635 || 106335-03 | 20-1 | 
5 | Howth ..secsscessssceeeesenens 34.38 1-609 | 4-7829 5756 60570-00 | 11-5 || —1-19 
Lyon’s Hill eee cereceesevesese | 59 I3 TO*247 4:9617 1958 91562-91 17°3 
| 180 0 1-301 
Kippure .. re suseesananeees | 46 16 19-602 | 4:74616249 55739°46 | 10-6 
26 | Lyon’s TUL. <dscavanewenceanss f 81 59 1-559 | 488298225 76380-46 | 14-5 || —1-63 
Dublin Observatory ....00... | 52 44 39-625 | 4-78225756 60570-00 | II+5 
| 180 0o 0-786 
SE 
Kippure ak b6 Wake 6ee Oe SO eee ces 39 52 29-84 4°7709 9459 59019+37 TI-2 
27 | Howth sss. peveiieusens | 56 4 eau 4°8829 8225 76380-46 | 14:5 |] —4-24 
Dublin Observatory ......... | 84 3 an-sao | 496171958 91562-91 | 17-3 


| Hoo rosy 
LL 
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180 oO 7-018 


na ee | 


FIGURE 3. 
| | . Distances in | Error of 
Names of Stations. Corrected Angles. Log. Distances, |} | A 
Feet. Miles. | “ 
- | o f 4 “we 
Keeper ....cccseee oe eeseececens | 51 39 17-491 baiiaisces 315548-08 Sots 
BaurtreGaum ...ccccccccseseees | 36 19 48-031 | 5°37722386 || 238354-77 | 45-1 | +3:13 
Knocknaskagh Serer rerery | 92 I 12154 | 5:6043 3034 |} 402096-55 | 76-2 
| 180 0 17 180 0 17-676 _ 
ASCEPEI cisssvsecusscneatnbeedt 36 47 37-871 | 5:21113297 || 162604-65 | 30-8 | 
Knocknaskagh sieesaeieecees 81 48 ee 339 | 542931026 || 268726-35 | 50-9 || +1-99 
DAUD goseiccaseseacecsesea veces 61 2 _ 61 23 43-818 818 | 5°37722386 || 238354-77 45-1 
“180 0 9-021_ _180 0 9-021 : 
We6ner wissavsaevecessasmuesses 22 43 41°547 | 5°20361750 || 159814:99'] 30-3 | 
Baurtregaum —.rsccceveveeees 53 41 37-208 | 552290041 || 333349-96 | 63-1 || —5+79 
Caherbarnagh ......ceceveees 103 34 53+423 | 5:600433034 || 402096-55 | 76-2 | 
| 180 o 12-178 Be ac | 
Caherbarnagh  ...ccscsssseees 74 52 13-875, 74. 52% 13: 875 | 5*1991 0588 158163:36 | 30-0 
Baurtregaum .s.sseeeceeesesees | 27 51 37°325 | 488403598 | 76566-00 | 14-5 | —1+13 
TOUL’ sestvcasacsicainn re ree | 77:16 I1- ooh | 5°20361750 | 159814-99 | 30°3 || 
| 180 0 2-978 | 
Caherbarnagh ......... sais 65 5% 5807 | 5:27887967 || 190055-16 | 36:0 : | 
Baurtregaum Uetieahawmeden isbae 64 O 43°921 | 5+27230058 || 187197-70 | 35-5 |. +017 | 
Hungry Hill .. sesesevee | 50 7 16-694 | 5+20361750 || 159814-99 | 30-3 | 
180 o 6-422 
Caherbarnagh ....... etisiens te 55 34. 37-441 | 5*20264660 || 159458-11 | 30-2 
Hungry 2 i Deanne vere P48 a os 516317630 |} 145605-00 | 27-6 || +1-96 
Carrigfadda oo cecoeecases eooes __75 33 13-838 838 | 527230051 || 187197-70 | 35-5 
“180 0 5-288 _180 0 5-288 | 
Caherbarnacgh ........... Por 2 13 32-116 | 5°35787605 || 227969°13 | 43-2 
Carrigfadda ......cccsceeeee. 48 3 683 | 5:23006366 || 169849-26 | 32-2 etna 
Knocknaskagh err ie 39 39 36-013 | 5°16317630 || 145605-00 | 27-6 | 
180 0 5-812 
Caherbarnagh  .......seceeees 37 Bo 39-805 | 5:06448245 || 116006-53 | 22-0 
Knocknaskagh ....cccsesseeee 78 6 ie 029 | 5°26690429 || 184886-11 | 35-0 || +3-01 | 
DOCMCVEs iis vssssvacnnsaessons 64. I 9-700 | 5+23006366 || 169849-26 | 32.2 | 
“1800 4-534. 
Carrigfadda ..csccecsscesseees 29 AA 97 44 48-646 646 | 5:06448245 || 116006-53 | 22-0 | 
Knocknaskagh ........sss00s. 38 26 39-016 | 5+19012015 || 154924-52 | 29-3 ||Supplementary.| 
Doolieve ...... stheseeeueeveswes 113 48: 36-205 | 535787605 || 227969-13 | 43-2 || 
180 0O _180 0 3-867 _ 867 | 
Caherbarnagh .......secseee 57 10 33-062 | 534154065 } 219553°64 | 41-6 
Doolieve....... sudeweescneesaeis hi 46 57-OL1 | 5°4071 4005 || 255352-46 | 48-4 2 
Galtymore .......sccsesesceeees 45% 39-257 | 5:26690429 || 184886-11 | 35-0 
“180 0 9330. _180 0 9330 | 
Doolieve 6 8 
suvbassoceaeinscoeenetes 30 24 3-031 | 5°13499247 | 130455:905 | 25 
enches eeeee Snedeuweeeudeece 95 5 32-260 | 5-42909338 || 268592-19 | 50°9 29 
nockanaffrin .......ceec.ee00 54. 30 31-727 | 534154065 || 219553-64 | 41-6 
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FIGURE 3—continued. 


Distances in 











Names of Stations, Corrected Angles, Log. Distances, ne ny 
Feet. Miles, | | 
NE Nn ee I A a SS SSS: EE | Sm She eB 
INCEPED’ sees venreeeseorccseess 68 26 60-645 5°5729 0763 || 3474031-02 70-8 . | 
Baurtreraum POTTTTTTTIT TTT TTT 20 39 62232 5°15206064. 141925°57 26-9 Supplementary. 
Galtymore ....sscseee ep rere 9° 53 9:605 | 5:6043 3034 || 4o2096-55 | 76-2 
180 0 12+482 | 
Keeper ooeeeconccons eecveceeees 103 26 14°226 5+7034.2878 505159°79 | 95°97 | 
ISPD UTC acu cevoresete Oeeeanncers 15 51 35:444 | 5°15206064 || 141925°57 | 26-9 | A 
(TAlEY MONS wicetevswersveorvece’ 60 42 25-033 | 5-65605572 || 452955°69 | 85-8 
180 0 14703 | | 
Knocknaskagh ...sessecseeees 103 37 21-166 | 533641560 |} 216977-95 | 41+1 
VOU cscserssstapeapedoeseecass 29 37 55°249 |] 5:042905I0 4} 110383-74 | 20-9 99 
Galtymore ...sccsecescseonceens 46 44 47-687 | 521113297 || 162604-65 | 30-8 
180 O 4-102 | 
Doolieves.....cecseccccesesosees 98 26 18-724 | 546632376 | 292633+31 | 55°4 | 
Caherbarnagh .......+eeeeees 42 52 61-041 | 5-30387912 | 201316-38 | 38-1 * 
Knockmealdown ..cocosereee 38 40 48-894 | 5-266g0429 | 184886-11 | 35:0 
180 0 8-659 | | 
CLAUE * akashd: caseeueeesewsawavess 16 31 34-011 509045 3.556 | 124318-44 23°6 
Knockmealdown  ...ss.ccsers QAI 50 32-286 | 521113297 | 162604:65 | 30-8 ” 
KKnockaskagh...cesssseessoeees I4Il 37 56-653 | 5°43342053 | 24128142 | 514 
180 0 2950 | | 
oe | 
Keeper sercseseeee seeecceoeoece 20 2 50-405 | 489217803 | 78014-98 | 14:8 
Knockanaffrin .sccccscocceees 64. 53 51-783 | 5*31408139 | 206101-61 | 39-0 a 
Knockmealdown ..... eceee 95 3 21°578 | 5+35545620 | 22670244 | 42°09 | 
180 0 3-766 ) 
PAUL Seceiswonaniwevareioensees ‘ 40 5% 12-526 | 5°35545620 || 226702-44 | 42-9 i 
Keeper ...cccccrrcccsseeveveees ' 88 16 15*556 | 5:53946170 346307-34 | 65-6 || +562 | 
Knockanaffrin ...... ere. | 50 51 46-237 | 5+42931026 || 268726-35 | 50-9 | 
| 180 © 14-319 
Caherbarnagh .......+0000 || 141 19 23-399 | 5:63263909 || 429179-62 | 81: | 
Baurtrecaum ...sccccccevveees : 25 13 17°305 | 5:40632376 || 292633-31 | 55-4. |/Suprlementary. 
Knockmealdown  .........00 13 27 26-170 | 520361750 || 159814:99 | 30-3 
180 o 6-874 
BaurtreGaum ceseccreoreesosers 84. 40 47-623 | 5:67698034 || 475313°71 | go-o | 
BONCOEE sidcsieeucsaeseieseeves Il 34 43°677 | 4:9814.0024 95807-66 | 18-7 || 
Brandon ...csscscceese saa eee: 83 44 39:345 | 5:67626133 | 474527-44 | 89-9 ” 
180 0 10-645 
BaurtreCaum .oeccesceses 98 50 46-474 | 5+35335987 || 225610-79 | 42-7 
Hungry Hill sereatennes eeweas 24 48 36-836 | 498140024 95807-66 | 18-1 2 
Brandon: .scsesevecseseseacevers 50 20 40-922 | 5+27887967 || 190055-16 | 36-0 








180 O 4232 





— 


ewe en ea ole 
—_ 
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TRIANGLES. 


Figure 3—continued, 
















Names of Stations, Corrected Angles. 
° / ff 

Baurtregaum ....06. dae aeeeiects 51 19 16-454 
Brandon ...esesseess sie susuowass "92% 36 2591 
Knocknadober  .....sccscseees 56 4 42-893 
180 0 1:938 

Baurtregaum ..secsssscseceeees 47 31 30-020 
Hunery TA eanseeasteeesaws ; 35 5 33:773 
Knocknadober sipaeaseeiswae: 97 22 59-840 
180 0 3-633 

Baurtregaum oeoccsccseceseoves 33 8 32-259 
Knocknadober ..ccsscsoseeres 79 5 25:045 
Knocknagante «ssssccseceeees 67 46 4-352 
180 0 1-656 

Baurtregaum ..sccesecseeceeses 14 22 54.461 
Hungry Tail beeessee Cecececes ee 20 4I 44- 547 
Knocknagante Cee erereresnuese I44 55 18-990 
180 0 1-298 

Baurtregaum sieserseeeere | 35 36 6-460 
Knocknagante .sscssseesoees , 95 4 53°559 
Feaghmaan eocveecege eee 48 IQ 2°536 
180 o Qo oR 

Baurtregaum ceeessseevecees 47 5I 42-253 
Brandon»... siieanvesteacewts 94. 20 26-494 
Feaghmaan ...... eavosceses 37 47 53-858 
180 0 2-605 

Knocknadober ....ccseeseeees 112 36 38-190 
Knocknagante eoecccccconns ee 29 18 49+207 
Feaghmaan "Si CCPH eeceere eee 40 4. 33°258 
180 0 0-655 

Brandon....sseeeee yeisnnasedeicusi 45 36 45-116 
Hunery Hill....... bweeGeteas - 55 53°530 
Caherbarnagh ere Ssvubisee 59 27 30-9047 
180 0 9-593 

Brandon......0 soebeassevekes - 17 24 40-133 
Caherbarnagh......... ssaiseees 81 16 48-736 
MOUE easeseetensessseansveceeese 81 18 35-633 
180 0 4-502 

FIGURE 4. 

Slieve Donard ...........000. IOI 57 56-384 
Wippure........csccsseccoecsees 31 17 7-841 
South Berule............. eee 46 45 19-029 


| 180 


H 


O 23-254 


31 + 


Log. Distances, 


4:95488778 


5:04.20 8481" 


4:95140024. 


5*15029738 
5:04208481 
5°2788 7967 


481339779 
§:06771328 
5:04208481 


4-91458716 
5:0677 1328 
5*2788 7967 


4+9699 1340 
5*1927 7728 
5°0677 1328 


50641 5052 
5*1927 7728 
4°9814.0024 


49699 1340 
4°6663 2685 


4:81339779 


527230051 
54030 3105 
5°35335987 


488403598 
5°40299059 
540303105 


Oo 
in cot 


396709 
8 9800 
878096 


O11 Gn Gr 
tA KN 
“I 1 


ef PI a aD Tr Es A PE FS SP Tam a RE EEG TIE 
A 


Distances in 


Teet. 


90133-82 
L1O175+44. 
9580766 


141350+51 
TIOL7 544 
190055°16 


6507 2°54, 
116872 76 


ILlOI75-44 


82146-14 
11687276 
190055-16 


93306-82 


155975°29 
116872-76 


11 5917-90 
15587529 
9 5807-66 


933c6-82 
4637958 
65072°54 


187197-70 


252947 +89 
225610-79 


76566-00 |. 


2.52927°82 
252947°89 


505786-34 
268471°48 


376598-83 





Miles. 





17-1 
20+9 
18-1 


26-8 
209 
36-0 
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Error of 


‘f 


+- 8.18 


—~I-61 1 


—4:09 | 


=7°35 


— 3-80 


Supplementary. | 


— 18-48 


Supplementary. 


7-08 
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PRINCIPAL TRIANGULATION. 


Names of Stations. 





Io 


II 


Slieve Donard ..cccsssccees , 


- Trostan 


#@eeeeseseeeeeoesen 


i 
eaeeseeaeseeaeeaeeeses 


Slieve Donard ....cccescceeee 


- South Berule 
Howth 


esseoes 


Slieve Donard 


eaeeeovooceceeeeeeas eee¢e 


@eeseteereeeanees 


ICIP PUP swig vesastesecusecsenns 


Snowdon 


0 


eeseseaeseeeteesseve 


KCippure.sc. .e.ssseeee sseewleaees 


Snowdon 
Howth 


Slieve Donard 


Snowdon 


@teoaseseeertaeeeeesee 


Ceoeeoeesesceasceseaetseeseees 


* 
eeevoeeteseaeneeee 


eeeeeeeereeceevesane 


Sea Fell........ccee0e SGuticceeee 


Slieve Donard 


Sea Fell...... 


Merrick ........scceese poeceseee | 


Sheve Donard 


Trostan 
Merrick 


eeeeet 


eee 
@eerteeee 


Merrick 
Di VIS? eet sncews 
South Berule 


#¢eeee 


T 
=] 
S 
4 
Su 
io) 
= 





| Snowdon 


~ | Black Comb 


: 


SCC eee peeceeeeeeee  SEFSEE 


seeeeeaetoeoee ees 


S$eeseee ese eavuesrnegast 


eeeeeceaceseeocenged 


Cece gre seeeesseragys 
PeeeeeeeeErestress 


eseeecevpensBeetresoenes 


@eeeereseetessesas 
eC Se eseseorEees 


ee cerotseseesneces 


aepeervresce eo tesaezraees 


South Berule....... mecmacerean 


eeeceseeeeceeoe ees eeetee 


| South Berule.........ccececees | 


FIGURE 4—continued. 


I0o 


35 
43 


180 


04 
45 
40 
180 
59 
80 
40 
180 





180 


75 
7 2, 
31 
180 


53 
6Y 


65 


Corrected Angles, 


fi 
26+353 
35°366 
18-123 


43 
29 
47 
oO 19-842 
23 6-459 
25 53°357 
18-335 
o 18-651 
33-636 
Il 47:813 
21°921 
O 43: 312.) 


5°491 
12-035 


Rs 
sis 
pare 


7 


17 22-341 
© 26-670 
40 14-648 
22 65-235 
56 57°702 
oO 17-585 
15 67:768 
2 27+428 
__ 95 41 50-800 -800 
O 25. 1800 25-996 


46 29-140 


16 60-076 
91 56 63-043 © 
180 0 32-259 
Oo 12 38 0 12-582 
3.5°246 
40°032 
0 27-860 


ee 





Log. Distances. 


56573 8687 
54288 9800 


5°5051 2565. 


5°6178 7735, 


54718 6881 
5:4.288 9800 


5°6964.2725 
5°7560 3663 
55758 7896 


| 5-65391288 
4-9617 1958 
5°6964.2725 


5°7319 9581 


5°7686 7715 
5°7590 3663 


556181329 
5°6684.9586 
5°7686 7715 


5°5502 5292 
5°6684.9586 
5°5051 2565 


5°57879591 
5°57166410 
5°31609989 


5°5 2296532 
556108339 
5°57879591 


5°5193 6549 


5601827517 
5°7319 9581 


5°4619 9301 | 
5:66609198 || 


5°6182 7517 | 








Distances in 


Feet. 


454346-17 
26847148 
319982-08 


— 414836-87 


296393°59 
2684.71-48 


497081-I0 |* 


570212°36 


- 376598-83 


450726-28 


91562-90 


- 497081-10 


5395°5°42% 
587052-78 
570212-36 


364597 °17 
466117-98 
59705278 


355020-08 
466117-98 
31998208 


379136-77 


372961-58 
207061°75 


333399°79 
363984-92 
379136-77 


330647-69 
415217-06 
53950542 


289729-69 
463545-08 
415217-05 


Miles. 





86-0 
50:8 
60-6 


78-6 


5O-r | 


50-8 


: 


+514 


—8-79 


+184 


+ 5°70 


+084 











No. of 





13 


14 


15 


16 


19. 


18 


19 


20 


21 


22, 


oS 


.. Names of Stations. 


South Berule..........ccees. ass 
Merrick .....0cece05 Eee 


Black Comb ........ ; 


CIVIC ivacieceuieueeeueeeiecks 


South Berule....... ee ae 


WEGETIGIE Sccasivseeenrascstaanes 


Criffel 


Black Comb ..ccccoscosece. 


SNOWCON 3 sevecesscsoes Jawai 
Sca Fell....... javceueunses Wades 
Wit tle cecsvneserescisvaxvencass 
Snowdon ...... scm gannawel 
Black Comb ..s.csccsceeoee ies 
Whittle ..... isacts Boh aaieeaa 
Snowdon  eccce Savcpuekewewetes 
Black Comb ...cccccoccscssecs 


“Pendle Hill ....ccseseceveees 


Snowdon ccoccsescvcccscescece 


Snowdon Seeeve CFC EReSEeoe FER 


Pendle Hill ........c005 


Snowdon 
Whittle 
Axedge 


eunesroeseseeeer 


@ereca ee eseeeCeseeseeuesesed 


@eeeeoaeceneeeecet ena 


eee0es 


Cee eeccnrees cee eecesnees 





TRIANGLES. 


Figure 4—continued, 


Corrected Angles. 


74 58 55-338 
19°572 
23:942 

7-082 


10g 50 56-667 
15-880 


19-629 


19 44 22-182 


12-844 
51-081 


26-107 


30 20 40-289 


74.45 52-142 


74 53 43°29! 


180 0 15-722 


44 38 15-049 
5% 15 20-994 


83. 6 41-363 


O 17-406 


40 24. 27109 


56 14 54°032 


83 21 15-986 


O 37°127 
40 10 43-666 
67 52 10-962 
37-121 
31-749 
5 21-632 
8 53°572 
6 12-879 
© 28-083 
65°075 


51°357 
36-461 


| 180 © 32-893 


29 34 39-388 
18-571 
28-541 
26-500 


17°353 
21-331 


73 © 39-623 


180 o 18-307 


3 12 


9+032 


- 529753558 


Log. Distances, 


5*6044.4615 
54619 9301 
5°56108339 


5*2797 9903 
5°7483.4132 
566849586 


5°7483.4132 
5°76867715 


5°2797 9903 
5-5608 1440 
5+56108339 


541066981. 
5*40199301 
55608 14.40 


5+5406 1849 
5°6547 4726 


5°73199581 | 


5:49764190 
5:65.47 4726 


\ 


5:66609198 


5°4199 5099 | 
5°6858 5105 | 
5-66609198 | 


| 


546221444 | 
56858 5105 | 
5°73199581 | 


5+38804552 
5°6727 9104 
56858 5105 


5+23794415 — 
5°6727 9104 | 
5°05474726 © 











Distances in 


Feet. 


402203-78 
289729-69 


363984-92 | 


19045792 
560197°70 


466117+98, 


198397-22 


 §60197-70 


58705278 


190457 +92 
363759°55 
363984-92 


257430-32. 


289729+69 
363759°55 


35206147 


45159395 
539595°42 


314515+39 
45159305 
463545:08 


26299712 
485122-09 
463545°08 


*289877-46 


485122:09 
5395°5°42 


2.44.368-67 
47975°°77 
485122-09 


172959°39 
4.70750°77 
4.51593°O5 


Miles. 
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Error of 
A. 





Supplementary. 


— 2°06 


+7*94 


+185 


+084 


Supplementary, 


— 5°12 
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PRINCIPAL TRIANGULATION. 





Snowdon 
Whittle 
Mowcopt ccccceseee seetesauens 


SCeooeeeeeeePeSeeceseseses 


Mowcopt .seccrccsccsceecseees 
WMC edswescectieases scans 


South Berulle.......sececsevess | 
SHOWCON:  odedvauteusocsoeeeees 
Ingleborough......... sraseates 


Snowdon ....eee0s savacedauuss 
AXCdLE .....cevcceeseseceeees e 
Ingleborough......secssereee - 


AKCUGC cecccceccenes avionics ai 
Writtle .....ccsseresvees ore 
Holme Moss ........ Giesiess es 


Tfolme Moss ..ccocese 
WV HLG a anic cahitreccs ereeeeen 
Great Whernside 


etesese Gees 


Sea Fell....cccceses ee seuces 
Pendle Fhill 
Great Whernside’.......0+... 


Great Whiernside .occcccooees 
Holme Moss 
Pendle Hill 


Pendle Hill 
Holme Moss 
Whittle 


Seeseetseseeseete tv etese 


Whittle sssctsvicicds 
Mowcopt ...csrccscosseccscees 
Holme Moss 


@teesseteereneessseas 


| 
Great Whernside ............ | 
Pendle hill 
Inoleborough.....eccescesssees | 
| 
| 





FIGURE 4—continued. 


Corrected Angles, 


26 32 1-174 
65 7 52-996 
88 20 15-272 


, 180 O 19-442 


56 36 35°974 
20 22 28-334 
103 0 58549 


180 0 2-857 


73 20 20-844 
59 25 38-538 
47 14 40-153 


180 0 45°535 


40 14 35-065 


_ 80 43 18-447 
59% 45:221 


180 0 38-733 


30 42 18-904 
37 7° 25°366 
TI2 10 18-071 





180 O 2-341 


54 20 3°44! 
101 32 7:157 


24 7 53°595 
180 0 4:163 
(pp aeocuninaeseen PRES 


25 12 32-633 
73 7 8-441 
81 40 27-062 


180 0 8-136 
Pesce eee ie 


37 33 18-824 
30 23 54°619 
112 2 50-644 


180 0 4:-08% 


3T 39 =3°952 
23.56 8-822 


| 124 33 48-593 
| 180 0 


1-367 


57 29 53°791 


28 6 28-548 


94 23 41°567 
180 0 3:816 
aceon eee. Caer 


60 13 6-942 
42 5 4%°333 


77 AI 12-905 


180 0 2-180 


Log. Distances. 


5°3049 8411 
5°61266289 


5:6547 4726 


5:2379 4415 
4+8580 5603 


5*3049 8411 


573380915 
5°68742159 
5:6 

5°5497 5463 


5*73380915 
5:6727 9104 


4°97940219 


5105200814. 
5°2379 44.15 


5°2776 4803 
5*35900153 
4°9794.0219 


5:0961 3514 
5:44.76 8611 
5°4622 1444 


5°1769 6826 
5:0961 3514 
5°35900153 


4°97940219 
4:8695 2130 
5+17696826 


523228182 
4°9794.0219 
53049 8411 


510447 2446 


49325 5067 
5:0961 3514 


. 
A 


| 
| 


! 
{ 


| 





’ Distances in 


Feet. 


201829-25 
409885-81 
4.51593°95 


172959°39 
72120-05 
201829-25 


541762-76 
486879-61 


415217-05 


354612-98 
541762-76 
470750°77 


95367-89 
11272186 


172959°39 


189516-94 
2.2.8560-68 


95367-89 


124777°17 
2.80340-67 


289877+46 


150303 +21 
124777°17 
2,2.8560-68 


95367°89 
74049°35 
150303-21 


170718-99 
95367°89 
201829-2.5 


110847+13 
§5615-16 
124.777°17 


Error of 
Miles. A. 





dé 
38-2 


77° 6 |\Supplementary. 


85°5 


32-8 
13°7 
38-2 


—§.29 | 


102°6 


922 
78-6 


Supplementary. 


99 
—0°20 
+ 4°33 
+-0-92 
+1-81 
+1-89 


Supplementary. 


531 
549 
| 











180 o 7-789 


TRIANGLES. 


FIGURE 4—continued. 
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a ae Names of Stations. Corrected Angles. Log. Distances. etidicer ee Errore 
Feet. | Miles. A. 
/ 4/ f 
Huber Mell cepsteemseentaeraes 23 33 15-862 | 5-26642265 || 184681-18 | 35-0] 
35 WVIUEIO. Sewiedicwawncéesdewciceced 26 4. 6-868 5*3076 8300 203087-41 39°5 Supplementary. 
Ingleborough......cs...ccecees 130 22 43-987 | 554661849 || 352061-47 | 66-7 
180 0 6-717 
Sh Hell vgesesees sea edanesios 78 24 26-517 | 5°30541592 || 202030-03 | 38-3 
Neleborough.....secesecreeees 21 37 11-698 | 488073675 || 75986-55 | 14-4 9 
90. | Black: Comb cesessasessaeseses 79 58 25-338 | 5:30768300 || 203087-41 | 38-5 
180 0 37553 | 
FIcure 5. 
Ra a a a ce 
| | : 
Sa ie sevevesrevevevesceneces 39 41 47-141 5°3859 5101 | 243192-97 | 46-1 
I oo sbSvaiiageneesiaaaaneee 67 3 48-821 | 5-54488140 | 350656-10 | 66-4 || —5°35 
mrt Well ......0. : 73 14 43°230 | 5:56181329 || 364597-17 | 69-1 
180 0 19-192 
— Well setaevess jaecawaseweles 36 56 29-804 | 5+41838451 || 262050-21 | 49:6 
2 Tart Fell ....sssesssesseeeess 89 31 53-433 | 5°63951494 || 436028-56 | 82-6 || —0o-28 
CROVIOG sevennesssusssasersesads 53 31 58-359 | 5°54488140 | 350656-10 | 66-4 
| 180 © 21-596 
Sca Tell.......ss00 sesh udeeeans 65 34 23°775 | 5:50054047 || 321026-19 | 60-8 | - 
3 | Tlart Fell .........ccseeseveees 30 25 54°700 | 5-25184402 || 178584-61 | 33-8 || +343 | 
Or093: Ol is .seescvsecscvoneess 83 59 54°925 | 5°54488140 || 350656-10 | 66-4 
180 © 13-400 | 
Cross Fell Seeveenewavewinenmes 5O 20 10-790 | 5-41838451 || 262050-21 | 49-6 
4 | Hart Bell .....ccseeeeseeeeeeee 59 5 58732 | 5-46552539 || 29209585 | 55+3 || —1-62 
Cheviot ..ccecesscessescsessvens 70 34. 7443 | 5+50054047 || 321026-19 | 60-8 
180 o 16-965 
Chev idtisassisdeicesuaccedeeses 22 TI 22-599 | °5-04429778 110738-28 Nee | 
5 Cross Well ccstsetacevewsveseers 62 47 33:977 54162 7822 2.60782,°37 49:4 +4654 
Collier Law ..ccccccsesscsvece 95 1 10-207 | 546552539 || 292095-85 | 55-3 
180 o 6-761 | 
CHeViOt ...sseeeseseneeeeeeeens 25 38 38-770 | 5:07787782 || 119640+39 | 22-7 
G | Collier Law .....ccccceceessee 83 44. 42-245 5°4390 2784 274807-03 | 52-0 || —1*39 
Wordeslow......scecsvcsceccees 70 36 46-273 | 5-41627822 || 260782-37 | 49-4 
| 180 0 7-288 
| pies Cll ccevaaniesntesonsnsess 95 24 46-768 | 5-65369439 | 450499°58 | 85-4 
7 Boe TEETETTITTT Tre 44 23 18-165 5+50041761 316531°99 59°9 Supplementary. 
otton Head........ iuteieee’ “ 40 12 16-701 | 5+46552539 2.92095°85 55°3 
180 0 21-634 
Cheviot 
dese vibes Gewstidet warns 9 48 58-809 | 489099059 77801-97 | 147 
8 aa Oo vererecencevecee 7O 58 52-141 563494110 431460-56 81-7 9 
¢ TUM AE eececcncececccnnevces 99 12 16-839 565369439 450499°58 85°3 





a a ec cm en ee a ee, (eee 





PRINCIPAL TRIANGULATION. 


FIGURE 5—continued. 








Names of Stations. Corrected Angles. 
Botton Head ........cccececees 44 54 18-496 
Cross Fell .......secseceees oe 42 38 5°731 
Great Whernside ........000 Q2% 27 47°045 

| 180 © 11-272 
Sori I Gil scdusueaneeaseiencncecs 52 51 18-143 
Great Whernside ........000 39 31 49-451 
Cross Fell ......sscceees ere 87 36 61-786 
180 0 9:380 
Botton Head ......secesssceees 90 27 52-478 
Great Whernside .......... || 39 19 25-542 
Wordeslow...... err re 50 12 50-906 
180 0 8-926 
Botton Head .....cccsesesecees 62 48 27-791 
Wordeslow....ssecees pervaded 68 22 27-960 
Water Crag .....seee. dinctees 48 49 12-336 
180 0 8-087 
Botton Head .......000. deewsias 24 39 24-687 
Great Whernside .......see0 478 18 40-502 
Water Crag ...cocccossseceees 44. 1°59°929 
180 90 5-118 
Wordeslow...ssscccescscvcseces 94 26 39-466 
Fater Crag ..csssessesseoccss 35 57 31°926 
TWeasingtOn crsesccesesevessevsee |] 49 35 50°512 
180 0 47-904 
Water Cram ....cccccceveesees 66 32 34-273 
Tiasington ......cccceeceeeeeees 27 10 61-262 
Collier Law .......00. esotees 86 16 31-866 
| 180 0 7-401 
Water Cram .....cccecseeeeees 52 19 57°450 
Collier Law .......cceceeenee 64. 1 53:810 
Cross Fell ....sceceseseceeves - 63 38 11-673 
180 0 2-933 
Cross Tell ....ccsccscsscccveces 99 14 8-636 
Soa. Well euueicewveriseesssvanaie 31 59 14-714 
Water Cre’ sesitecedecsiseces 48 46 41-861 
180 0 5-211 | 
Cross Well .....ccessesccesceces 22 20 50-261 
Great Whernside ............ 60 59 9°572 
Ingleborough................6. 96 40 4103 
| | 180 0 3°936 
Cross Well seeiccawtsexcoecssex 65 16 11-525 
Gisiy, We) pavesdstectesessceeonts 61 43 32+240 
Ingleborough............06. <— 53 0 23-743 





| 180 Oo 7-508 


i 


Log. Distances, 


5°3495 7552 
533160691 
5°5004.1761 


5°3495 755% 
525184402 
5:44.76 8610 


544598710 
5+2478 7858 


533160691 


5 +3 204.2514 
5+3395 9240 
5+2478 7858 


501536908 


. 9°3395 9240 
5*33 160691 


5°4374 3696 
5°2075 2595 
513204.2514 


5:4008 9214 
50981 1393 
5°43743696 


504429978 
5°0995 8514. 
§:0g981 1393 


5°36986766 
5*0995 85 14 
525184402 


4°9325 5067 
529428158 
5°3495 7552 


5°3076 8360 
5°2942 8158 
5°2518 4402 


Distances in 


223653°41 
214588-73 
316531-99 


22365341 


178584-61 
2.80340-64 


279246-09 
176961-41 


214588-73 


2093 VA. 


2.18570:93 
176961+41 


10360222 
218570-93 
214588+7 3 


27380222 
16125974 
20913424 


25170517 
125347:00 
2.9 380222 


110738-28 
12577734 
125347°90 


434351°46 
125772°34 
178584:61 


85615-16 
196916-26 
2.23653+41 


203087-41 
19691626 
178584-61 


Error of 


—1-94 
Supplementary. 
— 2:02 
+ 4-5E | 
-+-0-68 
+196 
— 139 
eo 
Supplementary, | 


39 


*. « 


TRIANGLES: 


Figure 5—continued. 
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ee 


20 


a ee ee ee 





RS SS ee CSAP 


Merrick .........000- ie Bisa et) 


Cee eee eeeeenceneeeses 


Sen Mell oicscrcasuacessutees 


Cross Fell ......s0c- Seusubelane 
CHEVIGE des cwaddsdaavedecesesees 
Wisp Hill 


eaesaveecoegceoeensaegcese ees 


Wisp Hill 
Cheviot 


CCRC eCCReeteseeeeeeeners 


Che Vi0b sss ceseidcvicavssaeecaxs 
Hart Fell ......000. cheeveseres 
Sayrs Law .reseeens eseeoesaecenesv 


CHEVIOb sxccecianseceedacsucteece 
Criss: Well nticsacecescatoneweca 
Dunrich  ...csccocece ere 


CHEVIOG wissicoxcdcsndtcapeeoes 
AVS: LAW seossiusentvatn sexes 
DUNPICN vesesicancecscievtaceccc 


Cheviot 
Diinrich:issivvssescecsesees re 


Wisp Hill eoecnscssagcacccccere 


eeeeveeretesrteseereseeeeune 


Wisp Fall ESE eee 
DUnTiClinceaccusestwsedecenssees 


Wisp Hill ...... Betis Sleek 
Cross Fell ...ssccscccvscesceece 
Criffel 


fetetesesenecercanseseenecee. 


CCC CCC Coe eT FeSO ReEEeES 


Ser ebesesnesere eercecees 


39 


Corrected Angles. 


é 4/ 


40 44474 


I 50-609 
17 46-681 


O 21-764 
20 26-746 


35 20-442 
4. 16-641 


Oo 9:829 
15 49°073 


53 30 11-483 


87 


14. 9:658 


180 © 10-214 


50 36 16-441 
73 33 31-168 
55 5° 19-571 





39 5°271 


180 





85 
38 


56 23 53:040 


180 





O 4-210 


29 35°209 


o 68-875 


8 34-105 
29 47°776 


O 14-921 


41 55 8-547 
85 51 58-790 


12 58-582 


52 


180 


31 38 22-622 


58 


Ig 9-385 


go 


180 
56 
40 51 28-395 
82, 


Oo 4:°977 


4O 49-225 


61 


_ 61 49 30-G90 


180 


2 9-909 


0 5°919 
2 32-970 


4 33-311 
14. 39-212 


Oo 1-748 


4l 34+357 
29 4°502 


35 12-079 


44, 3'42-811 





180 
40 
60 
79 

180 
73 
4d 


180 0 : 8-300 





85 21 13-410 


Log, Distances. 


5° 5922 9433 


5°4878 9407. 


5°5018 1329 


525184402 


5°3 7122258 
5:4878 9407 


5°2673 5043 
§°37122258 
5°4655 2539 


5°23766058 
5°3314.7340 
5*2673 5043 


5°34303506 
5°23766058 


54.183 8451 | 


5°5433 7483 
5°3387 2431 
5*4055.2539 


5*1646 7961 
5°3387 2431 
5°23766058 


5:0585 3271 
5°2673 5043 
5°3387 2431 


4:8743 6661 
500420915 
570585 3271 


5°4081 6348 
5°2715 3497 
537122258 


529753558. 


525184402 
54081 6348 


Distances in 


317902-78 


307534°66 


364597°17 


178584-61 


235083-73 
307534:66 


185076-14. 


235083-73 


_ 292095°85 


172846-50 
%14522-77 


185076-14 


220310-43 
172846-50 
2.62050-21 


349441-78 
218134-48 


29209585 


146109-89. 


—-218134-48 
—-172846+50 


I 14428-11 


(185076-14 
—-218134-48 


74880°13 


10097390 
11442811 


25595492 
186867 -63 


2.35083°73 


198397-22 


178584-61 
25.5954°92 


! 


Miles, 


Error of 


a Sa A eames | armas ta pa ali e RRS: | | Ste SNR ET I ERS EERIE | ieee | | Rae peer 


55 


53 
71 
180 
35 
49 
95 
180 


— 3°83 


+154 


—1-66 


+ 1°84 


+049 


+1625 


+ 1-09 


—2-81 


— 2433 

































180 0 0-967 


Distances in 


Feet. 


177177°96 
F089 73-99 
186867-63 


446224-64 
24919297 
32102619 


190457°92 
177177-96 
24319297 


349441-78 
2.48517°42 
255954°92 


17067 3-29 
7367103 
172846+50 


260852-87 
146109-8q 
170673-29 


L13610-11 


— -97829-03 


17067 3°29 


157231 -O4 
97829-03 
172846-50 


12.5347:00 
231103-64 | 
218570-93 


4.22782-8.4 
130077 °24 
161259°74 


8-0 
24°6 


. 440 PRINCIPAL TRIANGULATION. 
LIGuRE 5—continued. 
| ae of Names of Stations. Corrected Angles. | Log. Distances. 
Wisp Hill ....ssssscsesseceees 68 40 33-290 | §-24840969 
BX ||, COrilel eect tosvseretn dances seeee | 3% 3 557949 | 5°004200T5 
Tare Well csisecescaates scsevs 79 15 34°892 | 5°27153407 
180 O 4131 
PIAGt Well. cccsacccwssaceasecews 103 49 37°93! | 5-64955355 
32 | Cross Fell .......06. Sivausteeus 31 58 36-254 | 5.389 e101 
Merrick ...ssseesseoee sesvceesee | 44 20 63-644 | 5.5065 4047 
180 o 17-829 
Elaet- ells cnsssentaneseae eons 50 58 37-082 | 5.27947Q904 
33 | Merrick .....cscscsccescvecceess 46 16 47-495 | 5-24840969 
Criffel....ccecccrscsecevcconscecs 82 44 43-290 | 5.3859 5101 
180 0 7-867 
Criffel.......ccceccssvecevscecers 87 40 29-630 | 5.54334483 
34. | Cross Fell ....cesesereeseesvecs 45.17 5859 | 5-3953 5683 
Dumricls .....cccrecsseccsecseees 47% 39-448 | 5.40816348 
180 oO 14937 
Cheviot iccscasoshexcsessennvece 75 58 14:130 | w.aga71 6587 
35 Sayrs Law..ecccsssereseseseess 2445 26-793 4:8672 9673 
Blackheddon ....ccccsscvssecee 79 16 21-980 5+23766058 
180 0  2:903 
Sayre LAW acccssearenasioreds ITO 37 25°584 | 5-41639562 
36 | Blackheddon ............64..0. 31 36 60-734 | 5-16467961 
Dumrich .......ceceesecesseeeee 37 45 39°97 | 5.2391 6554 
180 © 548-5 
Sayrs Law... .cccsoscccsccer sve 39 25 54°889 | 5-0%541608 
37 | Blackheddon ...........cceee 33 9 24°962 | 4-Q9046474 
TOMS CN. evi vadewseaceedeictes 107 24 42-641 5°2321 655% 
180 O 2-492 
Sayrs Law.....cseeeees sauiens 64 11 ee 5°1965 3829 
38 | Cheviot ......ceccesssvereesvers 34 3 53°379 | 499046774 
| Lumsden ..ssceseeees aan B81 44 49-525 | 5.2376 6058 
Z © 3°577 
Botton Head ....cecccesssseves 32 13 5133 | 5-09811393 
39 | Water Crag cccsrssesersseeees 79 24 14-683 | 5-36380680 
Collier Law ....cccocceess aan 68 22 46-514 | 5-339059240 
I8O 0 4-330 
Wordeslow...cscsecsecsscsseees 11 18 46-521 | 4-62611735 
40 | Easington ...ecccccesesesceees 37 7 26-607 | 511420130 
Burleigh Moor .......s.seeeee 131 33 47:839 | 520752595 


39°5 


Error of 


EE 


4:77 


+289 


—0:06 


—O:02 


+ 0-03 


+0:03 


$2927 





ee ——EEE er Ce i Ne ee ee a ae ee ay 


_ 





42, 


Wordeslow......... 


Burleigh Moor 
Brandon Down 


Wordeslow....sccsess 


Kasington .......008 


Brandon Down 


Wordeslow....++.see 
Collier Law ........ 
Merrington Church 


Collier Law ....... 
Water Crag ....... 
Merrington Church 


eetsene tes 


@eeeeen een ese 


eeeeeaeeeeee 


@eevetpeeevdeese 


eeeveene eee 


e#eneeee ees 


eeee eve ses 


eeeaeee ee 


eeoeceeectee 


*eeeeneseees 


Collier Liaw ...cossecseccevees 


Water Crag ....... 


Brandon Down .......e.eeeee: 


W) aber Cre xosicsevpesncaeass 
Brandon Down. .....ccccceeess 


Merrington Church 


Brandon Down 


Merrington Church 
Durham Observatory 


eeaeeeeeves 


Merrington Church ..... sie 


Collier Law ....... 


Sete esasveoseetace 
POseeseereesteeecoce 


Cteeteeeeeoreaneeses 


TRIANGLES. 


Figure 5—continued. 


Corrected Angles. 


II5 20 39-996 
33 50 36-080 
30 48 47-230 


180 0 3-306 


96 13 38-257 
24.44 1-612 


59 2 22-060 


180 oOo 1-929 


107 32 24°779 
18 32 44°903 


53 54 52-612 
180 O 2-294 


46 39 3372 
30 47 50-636 


96 33 7-467 


180 O 1-475 


80 24 23-100 
37 56 31-103 


761 39 8-341 
‘180 0 2-544 


97 59 58-267 
25 O 31-170 
56 59 32-407 


180 oO 1-844 


12 55 59°933 
70 28 30-509 


96 35 30-651 


180 0 1:093 


71 57 57°872 


35 8 2-256 


2 53 60-022 


180 0 +150 


70 4 24+567 
22 14 37693 


87 40 58-382 
| 180 0 0-642 


45 51 36-599 
44 34 23-498 


89 34 3-439 
| 180 O 3-536 


Log. Distances. 


5°3244.5841 
511420130 


5:07787783- | 


5-1783 8689 | 


4°8025 4840 


5°11420130 |: 


5°2793 6422 
4°80254840 
5°2975 7595 


494236764 
48581 3977 
5:0778 7783 


5*1474.7460 
4°9423 6764 
5-0981 1393 


5°1703 1457 
48006 4730 
5°0981 1393 


4+52308453 
5°1474.7460 
5°1703 1457 


4°5208433 5 
4°3027 5839 
452309453 


4°9159 1090 
4°5208 4335 
494230704 


5:0935 7859 
50838 9610 
5+23766058 


31K + 


Distances in 





Feet. ‘| Miles. 
211085-50 | 40-0 
130077-24 | 24°6 
119640+39 | 22-7 
15079498 | 28-6 
63467-06 | 12:0 
130077-24 | 24:6 
190267-33 | 36-0 
63467-06 | 12-0 
1O1259°74 | 30-5 
87572-48 | 16:6 
72133-96 | 13°7 
119640-39 | 22-7 
140434-75 | 26-6 
87572-48 | 16°6 
125347°00 | 23°7 
148018-01 | 28-0 
63189-85 | 12-0 
125347°00 | 23°7 
33349131 | 6-3 

140434754 | 26-6 
| 148018-013 | 28-0 
33177°477 | 6-3 
20079°754 | 3°78 
33349°13I | 6-3 
| 82396-905 | 15-6 
33177°477 | 6-3 
| 87572°478 | 16-6 
| 
124044°81 | 23°5 
121309°86 | 23°0 
172846+50 | 32:7 





Error of | 
A, 


df 


Supplementary. 


— 2°92 


+ 8-91 | 


+ 3:01 


+11-88 


Supplementary. 


—O: 79 









RS | A 


54 


55 


56 


57 


58 


PRINCIPAL TRIANGULATION. 


Names of Stations. 


DWANIG is sceistesidaccessxteecs 


Sayrs UAW odcaicaseeneneeoeies 


Mordington ..... sits Nebeands | 


eeceenceroeseetece 


Cheviot ...ccccecscccens sovenine | 


Mordington ....sescecsscseees 
Blackheddon .,......seesseeees 


FIGURE 5-—continued. 








Corrected Angles. Log, Distances. 
22 37 16-828 | 5.0935 7859 
130 26 22-288 | 5-38996909 
26 56 24-125 | 51646 7961. 
| 180 0 3-241 
27 14 41-834 | 5-09357859 
I0O 24 43-068 | 542570541 
5% 20 41-247 | 5°33147340 
| 180 0 6-149 | | 
30 6 37-531 | 4+8351 8610 
| 32 41 41-692 | 4-86729673 
; 117 11 41-830 | 5-08389610 
! 180 0 


I-053 





Merrick ..... erro rere eee 
Hart Fell 


Burnswark cocscoccccccsccescnse 


@easeeeteseaeeseeseetsees 


WWLCEPICKE scsaveciscaseasasen ere 


Merrick .....+. seuaiaeedaese une 
Cross Fell 


Burnswark.ccccccscccsccccces = 


eoevetesetoesneaeeteess 


Merrick esccevseuvenesss eesti 
NV ISD sancueeee aMesceicuisaseasies 


Burnswark Peeeseereese esses eses 


Merrick ....ccce eutdnes Eecceewat 
Burnswark’ .occcccccccccceseces 


Crile lasdcatscanesbectiveceeicdns 


Wail: Sl Oscstesdustcecsecccccnee. | 


27 297 45°4420°) 5-06871642 








79 19 32-1676 | 5-39728255 
73 12 48-9703 | *5-3859 5101 
180 0 6-5799 
39 35 93°3789 | 5-3701 4383 
42 43 46-3578 | 5°39728255 | 
97 40 23:8977 | 5:56181329 | 
180 © 13-6344 
16 53 18-2019 | 5-34179186 
19 16 29-6726 | 5-39728255 
143 5° 19°7305 | 564955355 
180 0 76050 
13 25 47°2301 4°9771 6804. 
37 39 525122 | 5+3972 8958 
128 54 245894 | 5-50229433 
18004-3317 | 
18 49 2-0531 | 4:96680087 
40 32 17°3722 | 5°27979904 
119 38 44-1786 | 5-39728255 
180 0 3:6039 
FIG@ure 6. 
= | a s Tt / 
45 46 32-409 | 5+2605 7665 
67 39 7°723 | 5°37138595 


Tl Olt Mecemessecsmieeeentexcdeceu, ! 
Brassa 


eueaeee eee ences Peeessveaes 


| 66 34 29:099 | 536793827 
| 180 oO 9°231 | 





| 


12404481 
2.45453°42 


. 146109-89 


124044-81 
2.66505-03 
214522-97 


68420-49 


73671-03 
121309-86 


117143+02 
249621-82 
243192-97 


2.34500°53 
24.9621-82 


304597°17 


2.19680-68 | 


24962182 
446224°64 


94878-55 
249621-82 


31790278 


9264049 
190457°92 
249621-82 


182211°86. 


2.35172-18 
23331264 





| Eryor of 
Miles. : 
“ 
23°5 
46-5 | +4:73 
27°7 |. 
23 


5O> 5 Supplementary. 


40:6 


(13°0 


14-0 


+ 6:66 
23+0 | 


| 


| 


Supplementary. | 
44rd 

47°3 29 
69:1 

47°3 9 


47°3 3” 


| 36-1 ry) 


3°54 


if 


TRIANGLES. °° 443 


Figure 6—continued. 












































mee Names of Stations, | Corrected Angles. Log. en — as | Error of 
ect. 
B | | ° / “a . . 7 
See seunediaaeoees saeSasnaeeees 65 21 32-598 | 5°26945531 || 185975-32 
2 LOU aadesewass uGisil a Sea saawenss 5I 42 2QQ1 | 5:20567031 || 160572-18 + 2°20 
Ronas.......00. Oo ec eeveseeeveees 62 56 30-654 | 5:26057665 || 182211-86 
180 0 6:243 
se ised vine ptieaaaieebewileues IIQ 21 10-715 | 5+55956106 || 362711-28 
3 oo BIC disiwsdaeseuasnuaseies 26 32 47-869 | 5:26945531 || 18597532 | 35:2 Supplementary. | 
ONAS ..erceseoee wseveccecenecees : 34 6 10-295 | 5:36793827 || 233312-64 . 
180 0 8-879 : 
IVONGSiccsicscusieeuetereereweuaes 7° 54 44-116 | 5-18244724 || 152211-42 
A |, A aUASE Ase useecs oasgevestesecreseus 23 34 54°210 | 4-8091 2521 644.35+50 —O-I0 | 
Mellicosncsieesecasecineanreatenos 85 3° 23°969 | 5+20567031 |} 160572-18 | 30-4 
180 0 2295 
oe son eeeeceensesecscesceccen 133 51 14-770 | 5°3715 3330 || 235251909 | 44°6 
5 ar sesisieusia Nee teieneésevaes II 23 30-008 | 4-8091 2521 64435+50 42-48 
Yello... dee Gusleseeaecuauscusa: 34 45 17-250 | 5:26945531 || 185975-32 
180 0 2-028 
; pas seeeacaeebaraeedvctas seats 36 9 14-478 | 5-03844808 |} 109256-70 | 
: NOG wes weidinsvidsinwenec supose: 83 43 48-803 | 5+26502522 || 184087-89 = 2°97 
BUlAT secisieushteSsanes aviouiees 60 6 60-813 | 5:20567031 || 160572-18 i 
180 O 4:094 
Fetlar...... sid Wiebesweteanonawené 43 © 1O-IOI | 5:18244724 {1152211420 
7 | sSDIASSH: trdepseustsicenvoscuneut 12 34 20-269 | 4:68643895 | 48577-924 —0-70 | 
Gil. dessucsved ere Ter cree 124 25 31-062 5126502529 184087-889 : 
180 0 1-432 
Brassa..... 
aus geesnasweweeeee 33 10 62-367 | 5:18362746 || 15262563 
§ eae dvewsladasenceesessies III 39 36-007 | 5°41358413 || 259169-64 | 49-1 |] —3-78 
PUKAVONG. . swicscabatoescoseans 35 9 26-973 | 5°20567031 || 160572-18 | 30-4 
| 180 0 5:347 
hee iacvees Pb Niesis seeds secunwets Iog 41 48-661 5°18362746 || 152625-63 28-9 
9 OHAS ssvevaceineseeeeterecssees 29 55 44-204 | 4:88041605 | 75930-46 | 14-4 || +0-66 | 
| Saxavord ..... psabeabeuaslatiens 42 22 25-969 | 5:03844808 || 109256-70 | 20-7 | 
180° 0 1-834 
WAKAVOIG, givestsnersasuccested 22 3 20-248 | 4:80912521 64435-50 [2-2 | 
1O® || TOMAS: iateveessadecosecoescberes 40 44 51-891'| 5:04924262 || 112006-34 | 21-2 || ~—7-30 
Cll. vesssweuseueugdevauswesdeeds 117 Il 49-368 | 5:18362746 || 152625-63 | 28. 
180 0 I+507 
_ | Saxavord ...... ssarueie: 966 878 | 17. 
geass 42 45 1:693 | 4:90615055 || 92501-3878 | 17-5 
II Sn sgaiusuasiaessaeccestestaie I2 31 43-186 | 4:47071877 || 29560-972 | 5-6 || +3-46 
NV seevecesceeeecveesesevesees || I24 43 15:649 | 5:04924262 |, 112006-347 | 21-2 


180 0 0-528 


eM etlae sceeee 2% 25 55:973 | 4:69808366 || 49898-060 9°5 
I Balta eee er ensannnts ‘ 13 3 55°740 4°47071871 29560972 5:0 —2-89 
#10009 90 secs wsebeseicecev.s 144 30 8-480 4°8804 1605 759307463 14-4 





180 oO o-201 








3K 2 





PRINCIPAL TRIANGULATION. 


Figure 6—continued, 





Distances in 

















| | 
Names of Stations. || Corrected Angles. | Log. Distances, | Error of 
. | eee | Feet. Miles. | A. 
. | °o / ff Pee ee pea a 
SANAVOLIU Sus aswedeeeveuss seers | 52 37 8-O44 | 4°3798 8539 | 2.3981-999 4*5 
VSALCH: cae neaweseenoseeeatewar secs 1 25°45 3°199 | 4°1176 7665 | 13112233 2-5 | + 21-12 
Gerth of Scaw ..... swnaceaels | 101 37 48-229 | 4:47071871 | 29560-972 | 5-6 
180 0 0-072 | | 
JARAVOLU  ssedeeseawonwesieucesisa 33 34 46-310 | 3°9555 30607 9026-734 | 167 | 
Gerth of Scaw ......scesceees | 92 57 43°698 © 4.2121 5114 || 16298-632 | 3-1 | +19-20 
INiVEG TT sesiseevesiceevenasaes | 53 27 30:020  4-11767665 | 13112-233 | 2-5 
| 180 0 0-028 | 
UXAVOID cusesdedesewedssetess TQ 2 22-334 | 417984288 || 15119-690 | 29 
alts, cessbecumesseeansvacanvenss | 20 35 19-365 | 421215114 | 16298-632 | 3-1 | —8-32 
Nive EI rcecviscevesssavecn ae i 140 22 18-338 | 4°47071871 | 29560-972 | 5:6 ! 
180 0 0:037 ! 
FIGURE 7. 
Ben Clibrig ....seee isdacainee 99 9 20-248 | 5-36738588 || 233016-07 | 44+1 
Ben. Cheiltvecsienssicceveesces 30 ‘9 44-166 | 5-06847423 | 117077-71 | 22-2 || +o-dI 
Ben’ Hitigudessessssasssucesee 59 40 61-116 | 5-30352254 || 201151-16 | 38-1 
| 180 0 5-530 
Ben Chreilt,..ccccccccssccccsvere | 68 59 55-733 | 5°34611286 | 221877-30 | 42-0 | 
Ben Hutig....... ssemeevaneadee | 32 2% 15-504 | 5*10443731 |! 127185-41 | 24-1 |'supplomentary. 
Dunnet Head ...... peteseses | 78 38 55-260 | 5-36738588 | 233016-07 | 44-1 
180 0 6-497 | 
Dunnet Head  .....ccceeceees | 64.47 9415 | 5°33083134 || 214205-85 | 40-6 
Ben Tutig......ccccssssecerees i 45 38 32°831 | 5:22861358 || 169283-09 | 32-1 || +3-88 
DCADADIN .teveeatianeresteotaners | 69 34 25°733 | 5:34611286 || 221877-30 | 42-0 
| 180 0 7-979 
Dunnet Head  ......ceeeeeees | 27 2% 3°9070 | 506847423 || 117077-71 | 22-2 
Ben Hutig.......ccccecesssses 92 2% 16-620 | 5*40573309 | 254526-55 | 48-2 |} +157 
Ben Clibrig .....cceccecevsees 60 35 45:°506 | 5*34611286 | 221877-30 | 42-0 | 
180 0 6:096 | — 
Ben Clibrig cece eeccccccvesees 88 59 52°329 5:4685 3012 1 294123-77 | 5567 | 
Dunnet Head  ...cseceeseeeee 31 5 37-420 | 518160562 151916-74 | 28-8 | +0-17 
WCAG VON, scncnccsiweuiieuneas ene | 59 54. 39°330 5°4057 3309 | 254526-55 48-2, 3 
180 0 9g-07g | 
Dunnet Head.....-.esseeeeees., 104 43 12-514 | 5°40975785 || 256896-30 | 48-7 
Ben TLutign...cccccseseecccssses 18 37 46-422 | 4:92864206 84848-09 | 16-1 ‘Supplementary. 
Wart Hill Hoy s..cascvecess. 56 39 5:340 | 5°34611286 || 221877-30 | 42:0 
| 180 0 4-276 | 
Dunnet Tead  ..ccccceseeeoes | 100 59 39-063 | 5-5068 9488 321288-28 | 60-9 
Fashven. Jan cuhtedieseaseheuer sae | 15 1 31-954 | 4°92864206 | 84848-09 | 16-4 | —3-37 
Wart Hill Tloy ooenee TerTrary | 63 58 54°735 2.94123°77 557 








{ 








| 180 0 5-752 











5°4685 3012 | 











TRIANGLES. 445 


Figure 7—continued. 

















| \ Wistnwece4 | | 
Names of Stations. Corrected Angles. Log. Distances. a | he of i 
| Feet. Miles. ; 
r ‘ oO f¢ & | | d 
Wart Hill Hoy...........000 27 30 2-848 | 5-18160562 || 151916-74 | 28-8 
IPAS AVON oiededcambactiiascdaecins 74 56 11-284 | 5:50201710 | 317699-88 | 60-2 || —0-62 
Ben Clibrig ........ccceceeses 77 33 57-236 | 5:50689488 | 321288-28 | 60-9 ! 
| 180 © 11-068 : | | 
A ae FU Oy scvecesisccowss | 29 29 11-284] 5°1989 5844 158109-76 | 29°9 | 
Ben Clirie sscsecyssaew cade 52 0 58-883 | 5:40343638 | 253184-07 | 48-0 | +0-93 | 
CHIADIMvesasn ces Csawsadenseencs 98 29 69-131 | 5°50201703 | 317699-88 | 60-2 ! , 
, 180 o 9-298 | 
Wart Hill Hoy.........seeeee | 38 30 7-281 | 5°30352254 || 2OLI5I-I6 | 38-1 
Ben Clibrigg ...scecsscseceoees — 40 59 29-835 | 532622427 211945°53 | 4O-L |} +2-05 
Ben Chet icacsivisesses cenesss ) TOO 30 32-727 5° 50201701 317699-88 60-2 
, 180 0 10:923 | 
Wart Hill Hoy ..........0000- | 64 13 13-742 4:9602 1802 91246-88 | 17-3 
Dunnet Head ....seeeesseees | 58 55 15-349 4:9384.5147 86786-36 | 16-4 || + 3-41 
| Ronaldshay, South ....... » || 36 et 32-466 | 4:92864206 84848-09 | 16-1 
| 180 0 1:557 | | 
| Wart Hill Hoy...........eeee | 71 12 84-646 | 5°37976783 || 239755-08 | 45-4 | | 
| CATA DU, cust sa hewesseseaeesun: | 20 2% 30-293 | 4° 93845147 86786-36 16-4 || —5-88 
| Ronaldshay, South ......... : 88 44 39-946 | 5°40343638 253184. 07 | 48-0 
| 1800 4.°885 
Ben Cheilt........... iueunaees | 4 5°49205537 | 310495-54 1 58-8 
Ben Hutig.....cccesccessceseee a “t ey a 5°2738 5631 — 187869-51 | 35-6 + 3°53. 
' Ronaldshay, South ..esceeee 48 a 4:439 | 5°35738588 | 233016-07 | AAI 
| 180 © 10-248 | | 
Ronaldshay, South ......... ae 16-041 | 5°00847423 || 117077+71 | 22-2 || 
Ben Hutig.....scsccseerserses | 96 4 9.188 | 553723354 || 344535°16 | 65-3 | —3-74 
Ben Clibrig. sesssseesssesee | bs 25 4aea8 | 3°49205537 | 31049554 | 58-8 | 
: | 180 0 8-497 
Ronaldshay, South ......... | 8 505291349 || 112957-09 | 21-4. | 
Wart Hill Hoy ..........se0 , a a Cae 4-85678282 | 71908-93 | 13-6 || —2-46 
Deerness .sscccsveeceereresees | 30 12 7-334 4:9394.5147 86786-36 | 16-4 
| 180 0 1-466 
| Deerness ssscccsccscscesscees _— .acg | 4°92864206 84848-09 | 16-1 ! 
Wort Hill Hoy .....cccseseces | . 1 aon 5*1947 3787 || 156580-56 | 20+7 |Supplemeatary. 
Dunnet Head  ...cssccesesees | 44 98 so-y7r | 5*05291349 |) 112957-09 | 21+4 | 
pene 1S Ne | | 
180 0 2-186 ; | | 
Deerness ......cescsscesceeees I 8 a2 ametos | 5°18942889 || 154678-12 | 29-3 | 
es sil ELOY cisivasssicaiecs | 5 9 ae 511805079 | 131235+34 | 24-9 || —0+36 
atbY: CHI esa caieacyeosevleneae | 45 37 58-652 | 5°05291349 ! 11295709 | 41-4 | 
a » 180 © 3-407) | | | 
| itty ET ise shad ei veomaceseers ! 22 58 29-268 54097 5785 | 256896-30 48-7 
. a9 ; ementary. 
Bon Hutig stniei dese saa: : 143 26 1-952 559340827 |) 39211033 | 74°3 {Surpiementa 
Toten esc cenecvvereces | 13 35 34-239 518942889 154678-12 293 i 
[380 0 5-559 ' 








24. 


26 


27 


28 


29 


PRINCIPAL TRIANGULATION. 


- Names of Stations. 





Titty FUill 2.2... .esceeeeeeoeees 
Ben Hutign......cecceceseeeees 
Ben Clibrig 


Fitty Hill ........06 junenoetie 
Deerness 
Stronsay 


Ceeeveeaeeseeeeseeeeeaesa 


LLONSAY « soscosvdecsawercawswdts 
TGtty EA se 2ctcwcersaawzotnes 
Wart Hill Hoy .........sceeee 


Stronsay 
Pitty Hill 
Start Lighthouse 


eee eeeReeeetetre cesses 
eeeeeesteseessevestas 


eetseaeeeaegeess 


Start Lighthouse 
Fitty Hill 


eeeovgaseveesaGeseteoenace 


Wart Hill Hoy ......scccseeee | 


Witty Fill ......ccscessseeees i 
Stronsay 
Fair Isle 


Seeeeteseeshereaeetar 


Tair Isle ....ccssescceeons Wes 
Witty Hill iscccswcussa weacesiece 
Start Lighthouse ....+0+ 


Seeeeseseeaeseeeesesaese 


Woullais: sasiveacaevsaaeneeseenss 


Fair Isle 


TEPC eee Cee ee Pere YT 
@eueeeesecese 


MG acieieseiesie sce Vag: 
Fair Isle ...ccsees nattescaneue 
North Ronaldshay Lt.-house 


SHPONEAY. cee eceswawwlasouswaue 
Vitty TUM ......eeeee founda 
North Ronaldshay Lt.-house 





Figure 7—continued. 


Corrected Angles. 


° 

II 
124 
43 
180 
29 


57 
92 


180 
31 
103 
45 
180 
32 
gl 
56 
180 
67 
56 
56 


180 


55 48-461 
15 37-280 
48 43-168 
0 8-909 
36 49-318 
40 36-069 


42 30-303 


© 1-690 


24 38-636 
T4 47°979 


20 37+293 
0 3°899 


30 51-888 
5I 51-980 


37 18-006 


oO 1-874 


39 42°341 
6 39-950 
13 41-622 


O° 3°913 


7 43°545 
56 38-004 


55 44:005 


O 6-154 
8 58-233 
I5 51-566 
35 13-037 
Oo 2+836 


34 33:084 
It 55°155 


13 46-670 


© 14-909 
5 2-611 
43 31-318 


I1 35-105 


O 9:034 
9 3:228 
43 59°798 
7 5°163 
o 8-189 
24. 23-412 
17 43-338 


17 55°922 


O 2-672 


Log. Distances. 


5:0684.7423 
5°6703 6490 


5°5934.0827. 


48123 9323 
5104541545 
511805079 


5°1894.2889 
5°2197 0505 


5:0454.1548. 


506858792 


4:8706 4032. 


504541548 


5+1894 2889 
5°35741459 
5°0685 8792 


5°37541190° 


5*4349 8100 
5°0454.1548 


50685 8792 
572298 8830 
5°43498100 


554914673. 


5°3679 3827 
5°4349 8100 


52298 8839 
5°5044.2033 
5°3679 3827 


517479109 
5*4485 6687 
5*3679 3827 


5°0906 4342 
5°0453 9781 
5*0454.1548 


Distances in 


Feet. 


ed 


De cy ac i a a a ar a et SS 


‘117077°71 


468128+30 
392110°33 


6492220 
IL1023°65 


131235+34 


154678-12 
165846-02 
I11023-65 


T17108-36 


74240°40 
I11023°65 


154678-12, 


24.277 27°03 
117108-36 


23730239 
2.922582 
T11023°65 


117108+36 
169780-73 
2.92.258°22 


354116-96. 
2.3.3312+64 
2,42,258+22 


169780-73 
319462-82 
23331264 


T49 551-61 
280909-79 
23331264 


123209-28 
ILIOIQ-13 
II1023-65 


Miles, 


Error of 
A. 


ern | | een 


‘f 


Supplementary. 
= 0°75 
—3°3% 


Supplementary. | 


+ 3°68 
Supplementary. 
—2Q> 247 


Supplementary. 














180 oO 14°792 


| TRIANGLES. © 447 
FIGURE 7— continued. 
, = . 
D1 
as of - Names of Stations. Corrected Angles.’ | Log. Distances. | F = — oe a 
° | ‘ect. es. : 
North Ronaldshay Lt.-house 27 $ 48.750 —-5-1894.2889 .| .154678-12 | 209-3 " 
30. «|. Fitty Will eer ere piceaeec ete I3I 32 31-308 | 5-40438480..} 253737:60 | 48-1 |/Supplementary. | 
Warts Ell Ov ices csseccctes 21 18 43-290 | 5:09064342 | 123209-28 | 23-3 
180 0 3-350 | 
Fiaune 8. 
Scournalapich ....sscceceeees 55 I 37:9730 5+56589632 - 368041+10 | 69-7 
Ben Clibrig: .....cececessssees 75 37 45°849 | 5:63859075 || 435101-67 | 82-4 || —1-35 
Monach ....cssecscesseeeeeecess 49 21 4957 | 5°53246544 || 340773-21 | 64-8 
180 0 28-536 
Ben Clibrig .....+6. patvseaces 44 19 15°314 | 5°44751575 || 280230-72 | 53-1 
<NLONGCI cesensseaseacheeesteuss ; 22 15 26-978 ; 5-18160563 || 151916-74 | 28-8 || +1-76 
MAGN VEN Gsluewtacseieveneeeadeas 113 25 26-881 | 5-56589632 || 368041-10 | 69-7 
180 0 9g+173 | 
Monach ........ weseakeweanees' 55 26 42-484 | 542795235 | 267887-44. | 50-7 
Fashven .....scsecseress dv scvese 65 4 14-218 | 5-46977217 | 294966-15 | 55-9 |\Supplementary. 
North Rona ......ccscessceees 59 29 19-285 | 5°44751575 | 280230-72 | 53-1 
180 oO 15-987 
Mo nach, ....cccccovcessccvsccses 52 51 20-257 | 5*4004.5073 || 251449-48 | 47-6 
North Roma .....scesseseeeees 57 54 38-462 | 542692701 || 267255-72 | 50-6 9 
Cnoc-Ghiubhais........+sceee. 69 14 16:037 | 5:46977217 || 294966-15 | 55-8 
180 0 14-756 
MW ASN VED evn seesteisscdsnsecaess 29.220 566644394. 463920-90 87-9 
North IRONS. cnsaseasocateaeres & 39 Meo 5°63163719 || 428190-68 | 81-1 > 
Cleisliniin:. :seosanicoeheavasines 34. 39 30-130 | 5°42795235 2.67887-44..| 50-7 
180 0 26529 
North Rona se eeecenccaens Cece II 16 30-669 4:9578 4865 907 50°42 1769 
-Cnoc-Ghiubhais......cseeeee 135 65 26-332 | 5°50903727 || 322877-12 | 61-2 99 
Ben Hutig.....ccccssessseescers 32 48 6-726 | 5°40045073 | 251449-48 | 47-6 
180 0 3-728 
Ben Hutig..... vevedve dee wae een 4. 41 31-903 4.°2534 5221 17924°71 33°9 
-Cnoc-Ghiubhais............... 19 46 26-264 | 4:87000040 |} 74131-09 | 14-0 || —10-32 
OSNVEN j cases ssceavetnser senses 155 32 1-962 | 4:95784865 || 90750-42 | 17-2 
| 180 0 O-129 ai | 
Cnoc-Ghiubhiais.......00.0000. 14 23 33-840 | 5°23842310 | 17315239 | 32-8 
ONACH ..sccervocerservesoesers 143 2 55-783 53-6219 7495 | 418769-41 | 79+3 |\Surplementary. 
Cleisham ......ccceeeeees saat 22% 33 36-910 | 5°42692701 | 267255:72 | 50-6 
180 © 6+533 
Cleisham | 
1 Et tea eee ceeeeeeseees 46 4 58-742 | 549487002 || 312514+39 | 59-2 
Cnoc-Ghiubhais.......00.0000. 28 46 7 be 5°31971505 || 208792-58 | 39-5 2 
Cdr easieiaaevastssieeenenes 105 9g 8-370 | 5°62197495 || 418769-41 | 79°3 





JO 


Il 


13 


14 


15 


16 


17 


18 


19 


PRINCIPAL TRIANGULATION, 


Names of Stations. 


Cleisham 


Monach ...... 


Cleisham 


Storr ....0.00. 


Cleisham 


eeeveveeereeeeeeveee 


eeeteosetevreeosgveses 


@eeeteeoosee eee neeanes 


*#eteasnevneeeveetee eens 


@eeseaseeteseeeeesase 


Ben More, 8. Uist........000 


Scournalapich 


Cleisham 


eeegcteeeseetCegeaaee 


Ben More, 8. Uist............ 


Mamsuil...... 


Story .eseccecs 


Seeaescceeaeseeseseeonveves 


@epeeoeeesnoeoeseenes 


eeeoeeeee eseeeaeecece 


Cnoc-Ghiubhiais.......cccceees 


Cleisham 


Store vsecesees 


eesesueoeeaezpeneeoagee 


Ben More, 8. Uist.....ssecece 


Scournalapich 


Ben N 


eeeueeeeOeee eet 


N CVS oi iuvessces So Mwake 


Ben More, S. Uist.....seeeee 


Ben Nevis 


Storr .cscoeces 


Storr waavesees 
Ben Heynish 
Ben More, Mull 


*eeeeesneveces 


te eeseeneece 


OOOO e reer eceeeeces 


OOO ees ecrreesnaces 


COP eee eee seen enes 


180 oO 8-599 


95 24 35°413 
180 0 22-798 


| 


180 0 16-702 


180 0 16-992 


FIGURE 8—continued, 


Corrected Angles. 


4/ 

8 35-653 
46-990 
45°205 

7°908 
18-700 

9-412 
38-533 

6-045 
19-071 

4812 
47°325 
II-21Tt 
54°338 
19-044. 
12°296 
25-678 
36-480 
16-559 


25°738 
29-604 
29:231 

9-764 


26 55 35-561 
86 54 17442 
66 10 27°356 


180 9 20-359 


25 29 6-924 
88 48 51-349 
65 42 23°553 


180 0 21-826 


3O 2% 52-102 
54 32 55283 


46 39 45-341 
98 33 60-793 
34 49 30-568 


26 16 53:837 
72, 2% 124-519 
81 21 10-636 


32-699 


Log. Distances. 


5-3371 0823 
5°3197 1505 
5'2384.2310 


516171449, | 
5*31658955 | 
5°34197 1595 — 


5*3755 5491 
5°43944005 
5°3165 8955 


5:64.70 8656 
5:60864501 
5°4384.4005 


5:63385620 
5:61824448 
5*43844005 


5°3755 9491 
5°3528 8219 
5 63385620 


31658955 
6600 3063 
6 


2197495 


5 
5 
5 


- 5°3210 7834 


5°68726718 
5°64708626 


5°3887 7379 
56001 4207 
5°68726718 


55-4811 5202 
561456360 
5°3755 5491 


526569757 
55986 3433 
5:61.45 6360 





Distances in 


eet. 





217354 3° 
208792-58 


17 3150-24 


I45115-71 
207 295°35 
208792-58 


2.37446-03 


| 274435°35 


207 295°35 


443697-07 
40611124 


274435°35 


430384-08 
415187-71 
274435°35 


23744603 | 


225362-78 
430384-08 


207295°35 


| 457120-43 
| 418769-41 


209449-02 
48670653 
443697-07 


244778-79 
398237°43 
486706+53, 


302797°3% 
411683-63 


237446-03 


184373-10 
399857-26 
411683-63 





Miles. 


0:02 


— 4°21 


—O rl 


10°97 


+097 


Supplementary. 


—3°71 


+o-o! 


— 3°04 





TRIANGLES. 


FIGURE 8—continued. 


Corrected Angles. 





SLORY Genwdescecsiccenereivewerts 26 16 23-684 
Mamsuil........s.00. SS aswiaeees IIg 39 19-684 
Ben Nevis ...ccccssscceccceecs F 34 4 24-824 
180 0 8-192 

Ber, Nevis wisrslauivacioneddys 24.25 45°473 
Ben More, Mull .......s000 123 32 29-349 
TAS aay etescaataaatetaneds 32 1 54°327 
180 0 9g+149 

Ben More, Mull  ......-.000 19 46 27-730 
TULA sescocscccccscecessoesorons 124. 42 46-633 
Ben Tartavil ....cccccscccceeee 35 3° 49°735 
180 o 4-098 

Ben More, Mull ............ : 74. 40 28-113 
Ben Tartavil .....scoscvsceses | 38 46 33-324 
Ben Heynish.......ccsccsesees | 66 33 9847 
180 o 11-284 

Den, NCVis yay ves scudtuaesendec | 78 58 40-755 
Ben More, S. Uist ......00 42 25 43-455 
DUPE. <wsaauapeoetaaeiassensetss 58 36 18-964 
180 © 43-174. 

Mamsuil.......... jelseae lu vous 59 43 41-956 
Ben More, 8. Uist .....+00 51 19 I-srI 
Ben More, Mull  ...ccccseeee 68 57 47-962 
180 0 31-429 

Ben Clibrig etoacccenceveccene 44. 35 30-134 
DEONOC es ccsesexdivdessusweedes 79 17 65°465 
StOre veceses issn Asyeeneseienenere 56 6 50-837 
180 © 26-436 

Jura ooeee eeeeseseeeesesessvenens 7 3 53 29°532 
Ben Nevis Soniseeuss eeyldeoeeus 40 38 64-847 
Ben Heynish......scccsecseeees 65 27 49+539 
180 0 23-918 

FIGURE 9. 
| . . — 

Ben Lawers ..ccccssecsseeens 25 59 43:963 
MUP: ad Gheaecsesewedvotyoeesees 56 58 8-260 
Ben More, Mull ......ese00. 97 2% 24-026 
180 0 16-249 

Ben Lawers .......cscsesceeee 6 28 
Ben More, Mull ............ 26 > eee 


3 L 


116 42 24-756 
180 o 9-368 
a) 


Log. Distances. 


5+2505 5482 
5°5435 3474 
5°3528 8219 


5 +2807 2430 
5°58509190 
5°3887 7379 


5°0459 4334 
5°43150942 
5*2807 24.30 


545321443 
5°26569758 
5°43150942 


5°7479 4014 
5*58509190 
568726718 


56001 4207 


5°5 5024002 
5:6338 5620 


549310155 
503913345 
5°5058 9633 


56088 0215 
5°44006641 
5°58509190 


5+2807 2428 | 


5°5624.0606 
563568972 


5°3887 7377 
52609 3366 
556240606 


Distances in 


Feet. 


178055-26 
349579°47 
2.5362-78 


190864-12 
384673-19 
244778+79 


1111 58-67 


279090°57 
190864-12 


283932-06 
184373°10 
2.70090:54 


559680-39 
384673-19 
486706-53 


398237-43 
359948-21 
430384-08 


BII244-40° 


435045°72 
368041-11 


406258-21 


49546499 


384673°19 


190864-11 
365095°15 
432204: 94 


2.44778-+78 
182361-71 


365095°15 | 


Miles. 





33°7 
66-2 


42-9 


36-2 
72°9 
46-4 


449 





Error of 
A, 


+0:94 | 
+ 3-54 
0-73 


—0-42 | 


Supplementary. 


—0:62 | 


mm 2°79 


+3°94 











BO oa oe eee eee 


II 


12 


13 





‘| Scournalapich 


‘Ben Macdui 


10 


PRINCIPAL TRIANGULATION. 


eeeteteoeeceseseeevess 
Se@eeseee eC ese eseeesese 


Ben Laawers ...cccccsccccccces 
Bern Macdul ..sccoccocccecess " 
Glashmea] ....ccccccescsccevecs 


Ben Nevis ..scccssssccscccseces 


Ben Macdui ......cccesccccees 
MANISUI .caseeseeioesievesencese 


Ben Nevis ..ccccsccccess Gecanas 


Ben Macdui 


#eseuecetonaesveevesean 


Corryhabbie ..... og eaeaee bes 


Mamsuil...... saGiecacasteecius ‘ 
Ben Lawers 
Glashmeal 


@esveeseeCtapaseesesn 


Corryhabbie 


Ben Wyvis 


@esveecoeosecaeteeaeees 


Ben Wyvis....scccccessceeee ist 
Corryhabbic .......-+00 sheaes 
Ben Nevis 


eeseesoeseeeeeteeetes 


Corryhabbie Sngenn Peoeanes | 


ees eeeeceseaesceeeoeeeeees 


Glashmeal 
Mount Battock 


Corryhabbie .......ecccesssees 
Mount Battocls ............00. 


Mormonth ..cccccsssescsceseecs | 


Mount Battock .......ses00. ve 
Mormonth .cvccccessscccscececs 
Knock 


seeonnee Ceeste eee aveeuae ee 


eeeeeecoszaseoca | 











“FIGURE Q—continued. 


Corrected Angles. 





o / fd 
89 4 21-329 
51 5 47°953 
39 50 1-108 


180 0 9:490 


24 56 44210 
70 5 2-833 
84 58 17°547 
180 0 4-590 


76 23 34549 
35 29 3:975 
68 7 33:049 
180 0 11-573 


42 I he 
ies 29°354 
65 52 34-460 
180 O 13-315 
41 34-864 
20 24 24-217 
48 54 9-858 
180 0 8-939 


33 27 19-346 
88 5 58-987 
58 26 57°535 
180 o 15-868 
41 29 11-826 


81 26 31-016 
a4 4 26-268 


IIo 





180 O g-IIO 
81 11 27-627 
53 6 22-859 
45 42 32-560 | 
180 © 23-046 

43 28 54-526 


66 3 47-392 
70 27 22-918 


180 0 4-836 |" 
80 40 19+424 


61 57 11-494 
37 22 38-861 


180 0 9-779 
31 46 41-142 
56 55 22°781 
gi 18 4-027 

180 0 7:950 














Log. Distances. 


Saco ennnnsiicnimemismmemnsihanirsmiaessrectemm <item snes ee 


5°4543 2436 
5°34.54.6930 
5°2609 3366 


4°97 22,0047 
5°3203 6048 
5+34.54.6930 


5°4744 0148 |, 
52505 5480 | 


5°4543 2436 


5*32107832 


547207618. 


574543 2436 


575959 8393 - 


5°1373 5953 


5°47207618.. 


5+3203 6048 
5°5787 6005 
5°5095 2261 


5°4501 4422 
5°4743 6003 
5°1373 5653 


561442654 
5°5225 2507 
5°4743 0003 


5+10806024 | 
52313 3844 | 
| 175640-64 


5+2446 2501 


5°44.23 3125 
5°3938 5588 
5°2313 3844 


5°16394039 
53656 5127 


5+4423 3125 

























































EP a RE ig EE ETI 


2.84658-63 


221548-75 
182361-71 


93799°49 | 
2OQ103°11. 


QAI 548+7 5 


2.98133-98 


178055+26 


2.84658-63 


; 2.09449-O1 


2,96535°15 
284658-63 


—368115+35 
13720077 


296535°15 


209103-11 
379105°47 
323238-15 


2.85853-96 
2.98098-66 | 


137200-77. 


411553°75. 


333061-99 
298098-66 


128250-86 


170348-55 


» 476905°29 
- 2497660-01 - 


170348-55 


145861-40 
232087-94 
296905-29 





























Error of 


Eee 


—1:63 


—0+38 


 +1°36 


+049 


Supplementary. 


—o-16 
0-70 
+ 1-04 
—0:08 


— 1-86 





TRIANGLES. 451 
-FIQURE 9—continued. 


Distances in 









































a ee Names of Stations. Corrected Angles, Log. Distances, at 
: Feet. Miles. 
° al | 4é 
Corryhabbic ......cccccesscees 108 28 52-985 | 5°55047146 || 355198-78 | 67-3 | 
14. | Ben Wyvis  ccccccccsceccccces ‘ 18 46 24-802 | 508107412 || 120524+16 | 22-8 |isupplementary. 
Knock ....... sntiied Senaeeawens | 52 44 50-217 | 5°47436003 || 298098-66 | 56-5 
| 180 o 8-004 
Mormonth ........cccecseeeeeee 48 1 30-905 | 5:46788099 |} 293684-48 | 55-6 
U5) lV ARWOOK db cosdccueseeccsicases 110 18 29-680 | 5-56877197 || 370486:14 | 7o-2 99 
Ben: Cheilt issscscsessencsecsces 2% 40 8-851 | 5+16394039. |, 145861-40 | 27-6 
| 180 0 9-436 
Ben Cheilt.....cssscesscccreees 7 24 1-748 | 4-62977101.}} 42635-465 8.1 
16 | Kr0ck cscseccocscvececascoeees 55 7 28-735 | 5:43387808 |271567-680 | 51-4 a 
Cowhythe .....seceeeeee bageass 117 28 31-930 | 546788099 || 293684-476 | 55-6 
180 0 2-412 
: | Ben Cheilt scsccctsacssessecioce 25 24 28-264 | 5.910844747 || 162497-79 | 30-8 
17 Cowhythe - eetuesaduertaewi eee: 108 47 5-048 | 5+55457586 || 358571-58 | 67-9 ag 
Corryhabbie .......s.ccseceees 45 48 36-501 | 5:43387808 || 271567-68 | 51-4 
| 180 90 9-813 
Corryhabbic .......ceccseceees 56 38 6-498 | 544947621 | 281498-58 | 53-3 
18 | Knock ...c.ccccccscesccecscecs 102 24 52-034 | 5+5174.2292 || 329172-02 | 62:3 9 
Scarabin....cccscsees enaeuategs 20 57 9251 | 5:08107412 | 120524-16 | 22-8 1 | 
180 0 7-783 
Cowhythe «.....4.. edaaiienwels II 41 10-258 | 474046625 || 55013-12 | 1o-4 
19: | Ben Cheilt.ccisetsccsseesaese 79 18 25-241 | 5:42633525 | 266891-81r | so-5 |} gy - 
NCATADIN sess ccsewseunbsensesess 89 © 27-949 | 5°43387808 || 271567-68 | 51-4 
| 180 .o 3:448 
Ben Macdui ..... seesaw heave 49 35 34-981 | 5+44033099 |! 275632-86 | 52-2 
| 20 | Ben Wyvis  ..esccccserereees 96 58 21-713 | 562375487 || 420489-17 | 79-6 || “+147 | 
CAPA DUG ssi seasaass santieheuesare 42 26 21-675 | 5-45614422 || 285853-96 | 54-1 
! 180 0 18-369 
j | Ben Macdul ....scseorsesseees 20 0 34°795 | 5*31359330 || 205870-11 | 39-0 | 
| SE | Bon Wyvis  cossseserescseeens I3I 37 35:276 | 5*65297290 || 449751-79 | 85-2 || +o0-91 
Ben Chibrig Sesvoveveeneeceees 28 22 oO-261 54.501 4422 | 285853°96 5401 | 
| 180 © 10-332 | | 
Ben Macdui .....sssseeseseees 25 29 59:948 | 5°30352254 || 201151-16 | 38-1 
2% | Ben Clibrig: .......sccseceeeee | 80 14 35:046 | 5:66323901 || 460509-95 | 87-2 |Isupplementary. 
Ben Cheilt...... sducsocessaawan 74 15 45°947 | 5°65297290 || 449751-79 | 85-2 |” : 
| 180 0 20-941 
Corryhabbie sek souedessascens: 22 10 41:437 | 519895844 || 158109-67 | 29-9 | 
23 Scarabin... ss ceawerseinebeuneesses 106 I 23-948 | 5:60486868 || 402595-28 | 76-2 || —Y-aI 
Ben Clibrig ....cccccscesseees 51 48 6-365 | 5°5174.2292 || 329172-02 | 62-3 | 
180 0 II-750 | 
Ben Clibrig : | : 
1G iceweesi oveeerdoees 2 52 56-459 | 5:16853260 || 14741I-92 | 279 | 
24, eae Ale iiss woven wey etewes 148 58 38-609 | 5°53246544 || 340773-21 | 64:5 || +140. 
TNALAPICN oe es eeesecese 18 8 28-606 | 5+31359330 |} 205870-11 | 39:0 | 


180 Oo 3-674 


3L2 























452 PRINCIPAL TRIANGULATION, 
FIGURE 9—continued, 
No. of | | Distances in | rioret 
eee Names of Stations. Corrected Angles. Log. Distances, || aa ie | A 
‘* ‘eet, Miles, . 
re oun we wee 
Ben Macduil .......cecsocseees 6 42 5:526 | 454149240 | 34.793:042| 6:6 
Oe <} WIAMISUN + cuceescswnewsesecweus ; 84. 1 12-924 | 5°47207618 | 296535-147 | 56-2 || +4:28 
Scournalapich  ......sssseeeee 89 16 43-973 | 547441148 || 298133-981 | 56-5 
| 180 O 2423 
Ben Macdul ......sccccscecees 35.57 9°374 | 5°25673050 || 180605-30 | 34-9 
26° | MAMSUI ss scaediceeverseesis cous 68 18 61-754 | 5°45614422 || 285853-96 | s4-r || +0-45 | 
Ben WYVIS. aiesssestssacesaes | 75 44 0-624 547441148 | 298133-98 | 56-5 
180 © 11-752 
Corryhabbic .....scssseceeeees 75 28 33-206 | 5°27887092 || 190051-34 | 36-0 
27 Mount Battock ........ccsesee | 44 20 4:759 | 5°13735053 || 137200-77 26:0 || —O-55 
Ben Macdui .......seseveeeees | 60 11 27-350 | 5:23133844 || 17034855 | 32-3 
180 0 5+315 
MAMSUl sccsascca sa eckeecdews + || 26 42 40-808 524462501 || 17564064 | 33°3 
28 Glashmeal .....cccecescvscevece 77 19 32-638 559120488 | 381245-64 | 72-2 ||Supplementary. 
Corryhabbic ...cccccosseceeees 75 58 1-816 | 5°57876005 | 379105:47 | 71: 
| 180 0 15.262 : 
Corryhabbie eeoceeeercneveece ° 80 31 9:058 5°5 7740724. | 377926°41 4716 
29 | Scarabin....cccccssscevcccceveee 40 16 9-671 | 5°39385588 | 247660-01 | 46-9 || +1-73 
 |V ANTGEMONE s civecdewastccacesses 59 13 0-157 | 5°5174.2292 || 329172-02 | 62-3 
| 180 0 18-886 | 
Ben Lawers .essccccocsscsees ; 62 42 45-841 | 5°55624000 |, 359948-20 | 68-2 
30, | Ben More, Mull «...ssseeee | 52 56 52-773 | 5°50952261 | 323238-15 | 61-2 | supplementary. 
Mamsuil.....eccesees aivaistslesiaws | 64 20 46-024 | 5*5624.0606 : 365095:15 | 6g-1 
180 0 24°638 : | 
Scarabin..... Pee rcenccwoeveccees 80 II 18-935 5°5937 3052 | 318955-81 60-4 
3L_ | Ben Wryvis  ...ccccooesvcoeees 41 26 7-708 | 533083135 | 214205-86 | 40-6 || +054 
Ben Tluticn.....cceccceccvcevees 58 22 47-020 | 5°4403 3099 || 275632-86 | 52-2 
| 180 0 13-663 | 
FIGURE Io, 
| * 
Mount Battock wire ak enscwobbe |} 114 20 18-822 5°54.28 3857 34901056 66-1 
I Ben Macdui ETTTTTTETi TTT eye | 35 55 2-869 5°35160461 f 2.2.4.700:80 9-6 ||Supplementary. 
Dudwick cecccccsceeces Sass |__ 29 44 47-449 | 5: 2.788 7092 ji 190051-34 | 36-0 
180 0 9-140 | 
Mount Battock SiN deeaaeeecs es 1 7O oO 14.062 5: 36348448 | 230932-19 43°7 
a | Corryhabbie ........ ce, | 66 6 53-981 | 5-35160461 | 224700-80 | 42-6 || ~2-35 
Dudwick  .....00. sant ceseoee ! 43 53 0-407 | 5°23133844 || 170348-55 | 32-2 
| 180 0 8-450 | 
oe ane shesassiebesines ~ | 39 49 43-710 924.0428 | 1557A41-A7 | 295 
3 | Dudwick cesscesssssesecceeee | 72 38 32-810 Pee ae | 232087-24 | 44-0 
WQHOCK: scetadeeSenvswacncaasedes | 67 31 51-328 | 5-35160461 || 224700-80 | 42-6 


} 180 o 7-848 








| —1-60 


| 





























180 


O 0-605 











TRIANGLES. — 453 
FIGURE 10—continued. 
Distances i 
Names of Stations, | Corrected Angles. Log. Distances. | Bate 3 ap . 
| Feet Miles, ? 
a ee Se |e ee ee 
IGNOCK” -sasesaescooweeseeedinas : 23 46 12-698 | 4°7983 9123 62862-44 | I1-9 
DUAWICK. asssssseeviveccavesas 69 16 4-677 | 5:16394039 || 145861-40 | 27-6 || —5-32 
~Mormonth .......cccescscveeece | 86 57 44:°774 ! 519240428 | 15574147 | 295 
| 180 0 2-149 
Mount Battock .........sse00 | 36 9 60-760 | 527081059 |} 186556-59 | 35-3 
IMLOTMONE csiecsseseseassseuess | 24 59 22-104 | 5+12563052 |) 133545-SQ | 25+3 || —2-57 
Ble: HUM cschsseledasonwanowases 1 T18 50 42-264 | 5+44233125 || 276905-29 4 52-4 
180 Oo 5-128 | 
Mount Battock .....ccccceseee | 28 6 58-191 | 509363745 || 124061-62 | 23-5 | 
Dudwick ...ccocssssscoesesere | 30 28 59-885 | 5+12563052 || 133545-8Q | 25-3 +4915 | 
Blue Hill ...ccccesscsceveecees | 121 24 §:246 | 5:35160461 || 224700-80 | 42-6 
| 180 0 3:322 | 
Bluc- Fl, wissetesextensiaseecs 19 17 3-424 | 483326885 | 6811909 | 12-9 
Mormonth . sbecieSiese eouex wee | 45 29 58-502 ! 516741210 | 147032-08 | 27-8 || +2-92 
Little Stirling ..........eeees | 115 15 0-202 ; 5:27081059 | 186556°59 | 35:3 
180 0 2-128 | 
Mormonth ..........cc0eees reve | 40 24 58-613 | 4:65813756 | 45513-220 | 8-6 
DUAWIGK:. .griscecowsarerererets | 76 O 51-599 | 4:83326885 | 68119-0092 | 12-9 || —0-23 | 
Little Stirling ....cesceseseee | 63 34 10-440 | 4°79839123 || 62862-440 | 11-9 
, 180 0 0-652 
Mormonth ...iscivessscesaseese 73 6 46-589 | 5:26493660 || 184050-33 | 34-9 
KNOCK. wcecresecnases jevseseees 57 34 14:210 | 5+21044796 |} 162348-38 | 30-7 |iSupplementary 
Brimmond .....cceecees seins 49 19 4:525 | 516394039 |} 145861-40 | 27-6 
180 0 5:324 
Mormonth ....ecceesseee oseees 755 47-998 | 4:60126469 | 39926-82 | 7-6 
Brimmond 2.0.0... ecceccvesens 26 9g 3-455 | 5:10628071 |} 127726-41 | 24-0 re 
Over Hill .....cccsccescssecees I45 55 51-218 | 5°21044796 || 162348-38 | 30-4 
180 0 0-671 
Knock sserssessorssessroarsere | 33 48 i-srr | 5-01040525 || 102424-83 | 19-4 
Brimmond .eseessessseeeeesees 57 45 57°637 | 5°19240428 || 15574147 | 29-5 ” 
DUNMWICK gicwewreeeessatesas 88 26 4:599 | 5°26493660 |} 184050-33 | 34:9 
| 180 0 3-747 
Brimmond o.. sess cesesereeees 17 42 8-342 | 4°81639473 65523°14 | 19-4 
Dudwick Pere CCT ee ee IO 40 40°433 4:60126469 | 3992682 76 —I1+59 
Over Hill ........ ieenoiasenee T51 37 11°517 | 5°O1040525 || 102424-83 | O94 | 
| 180 0 0-292 |. 
Brimmond > te) 
wp TMNSESSOReecerseneses 4.3 44 7-080 4:9042 3596 | 80211-38 15°2 
oe bes oreehagsioubeses 18 15 es 456039291 || .36340-67 6-9 | O49 
APWATNY eee ce ece see cecece IIl7 59 35:298 §°C104.0525 102424-83 194 





Names of Stations, 


BrimmMond ...cc. cecene 


Over Hill 


Brimmond ....ccseeeee 


Dudwick 


Over Hill 


Layton 


Tarbathy cocsoccseees 


Tarbathy se Spee, 


1 


| 


eeeceeeeeaet 


rer | 


Tarbathy .......- Jeseaaea seuss 


Dudwick 


Over Frill 2... ccccceees 


Dudwick 


@eeene tb ese 


eeseeneoees 


eeeeseecasn 


ate 


Little Stirling eeseeseoctnen sae ; 


Brimmond .....cseeses 


Dudwick 


Mount Battock 
Dudwick 
Over Hill 


Over Hill 
Mount Battock 
Blue Hill 


Tarbathy 


BrimmMona .ocesscceece 


Blue Hill 


Layton coccossessceece 
Brimmond .....ecseese 


Blue Ehill ............ 


Over Fill ......... 


Blue Hill ............ 


*etesseesases 


secusseis | 


eateateocaes 


Seveeeeeeceeesesteetepevea 


See evesas 


180 0 0-632 


eeescenaes 


eeesebe cee 


eeeeee ese 


180 0 


PRINCIPAL TRIANGULATION. 


FIGURE lo—continued. 


Corrected Angles. 


26 2 48-738 
65 29 7°93 
88 28 3-480 


23 5% 19-571 
25 6 60-021 


I3i I 40-969 


18 0 o-561 


94 50 21-553 
43 50 33-601 


41 13 4°922 
180 0 0-076 


24. 39 15-408 
108 1 30-898 


47 19 14-510 
180 0 0-816 


25 43 25°097 
II5 36 18-693 
38 40 16-842 


IIQ If 44+540 
14 41 28-096 


46 6 48-121 
180 0 0-757 


180 O O-150 


Log. Distances. 


4°24398945 


456039291 


. 
(eet 


4:60126469 © 


4°7396 5280 
4:°76064885 
501040525 


4'4235 3693 
4+2656 8559 
4-24398945 


46581 3756 
5°01599919 
49042 3596 


4:6581 3756 
4:97572518 
481639473 


570936 3745 
4:55680497 
501040525 


9 58 32°569 | 4:81639473 


26 28 12-222 


180 O 1-542 


18 8 25-623 


180 oO 1-647 


51 58 14-958 
75 20 47-460 





5% 34 57-880 


180 0 0-298 





30 28 26-413 
95 20 24-969 
54 II 9-104 
0 0-486 


26 58-520 


' 2 29 6-936 


0°222 





116 56 3:838 


522684597 


143 33 16-751 |, 5°35160461 


44 55 32-186 | 5°12563089 


47699 5304. 


5°2268.4577. 


455080497 
4:64.62 8237 


| 456039292 


8 3 54766 


| 
| 
| 


4+55080497 
4°8497 8226 
4+76064885 


5rIII21214 


5°2268.4579 
4:60126469 


ee 


Distances in 


Feet. 


17538+38 
36340-67 
39926-82 


54910-17 
57630-03 
102424-83 


2.6517-766 
18436802 
-17538°379 


45513 °220 
103752°647 
80211°375 


45513+220 
94563-858 
65523°145 


124061 +62 
3604168 
102424°83 


65523°14 
168595°42 
22.4.700+80 


73354589 
_ §8878-00 


168595°42 


36041°68 
44.287-62, 
36340-67 


-, 36041-68 
79759°99 
57630:03 


129185-02 


163595-43 
39926-82 


Miles, 








a ES ES 
ee em | | 


+1-94 | 


—O-4r | 


Supplementary. | 


33 


33 


23 


23 








TRIANGLES. 


‘FIGURE 10—continued. 





Names of Stations. | Corrected Angles. Log. Distances. 
a ek ee 
ie] / 4d 
Tarbathy ..sccccssceecrsseaees 39 51 29-829 | 5-12563053 
BlNe HI aseessnosseneensiees 127 52 15-004 | 5-21614322 
Mount Battock .............0. 12 16 16-264 | 4°64628237 
180 0 1-097 
Mormonth ...soscsccoosveesvese 15 15 30-512 | 4:2961 8278 
Little Stirling ......ssseseee 49 45 23-245 | 4-7586 3866 
Peterhead Windmill... 114. 59 6-485 | 4:83326885 
180 0 0-242 
Mormonth ....... ITTTT TTT ery 9 5 1:330 | 4-0911 4661 
Little Stirling ....... sbaseuds 5l 35 25°719 | 4:78691679 
Reform Monument ......... | 119 19 33-106 | 4:83326885 | 
180 0 O-I55 
Mormonth ....... Seeasucenwenes 6 10 29-182 | 3-87271433 
Peterhead Windmill......... | 118 I 7-620 | 478691679 | 
Reform Monument ......... 55 48 23-287 | 4:7586 3866 | 
180 0 0-089 
Little Stirling ...ccsscesssees 58 30 53:009 | 4:24967090 
Peterhead Windmill....... te 13 8 22-283 | 3-67548028 | 
Sector Station, Great Stirling || 108 20 44-727 | 4-2961 8278 
| 180 0 oO-OI19 
Little Stirling .......seseeees 56 40 50-535 | 4:02149213 
Reform Monument ......... 22 4% 46-426 | 3-67548028 
Sector Station ...ccccoeeers || IOT IT 23-050 | 4-0911 4661 
. 180 © oO-OII 


TIGureE Il. 


Slieve Snaght .......000 vee 


1¢7 57 24 11175 
DDIVIS ssiuasxeundvews scorewenrans 76 29 53-716 
Goat Fell .......00. saeencavaies 46 6 27-798 

180 0 32-689 
Slieve Snaght ...secccsessees 23 22 34-154 
Oat I Gl eicseseseuceustencess 49 59 18-204 
DOs wstcereassastuneeenesens ~ || 106 38 24-245 

| 180 a, 16-603 
Slieve Donard .........00000. . 

DU GETIGIE seis co std cesuusuaeesses 98 - eae 
Goat Fell ooo ecesseseee 87 8 19-ATA 





180 o 25-249 


5-61166782 
5-67394491 
55439 2111 


5°29102774 
5+5766 9069 
5°97394491 


5°36704874 
5*7402 1994 
5:6684.9586 


1 


455 
| Distances in | Error of 
| Feet. Miles. A. 
| : dé 
133545°89 | 25-3 | 
I 6449 I-41 31-2, |\Supplementary. 
442897-62 | 8-4 
19778-0019 | 3:7 
57393°898 | 10-9 | —12-74] 
68119-092 | 12-9 
12335:212 2,3 
61223°307 11-6 |\Supplementary. | 
68119-092 2°9 
7459°579 I+4. 
61223+307 | 11°6 iss 
57363°898 | 10-9 
17709+324 | 3°4 q 
4736-748 | O-9 || —1-65 | 
19778-019 | 3-7 | 
10507+324. | 2:0 | 
4.736 7A 8 0-9 Supplementary. 
12335212 23 
408947-75 | 77:5 
4.72003:16 | 89+4. ||Supplementary. | 
349801-06 | 66:2 
195446-43 | 37:0 
377393°37 | 71°5 2 
472003:16 | 89-4 
232835:25 | 441 
549819-25 | 104-1 2 
466117-98 | 88-3 





Knocklayd..... 


Merrick 


PRINCIPAL TRIANGULATION, - 


* 


#eeCeteecsessaeese 


S@eeeoeteeetesseaeevee 


eePeotsepeseetreseeeseeeaeses 


eeeetsesteeeeasteeaeseeees 


« 
eeeseeceeoeeaeaetreeeseaevea 


Slieve Snaght......sssecssseeee 
Wacky wi ccseceoeevasesosvess 


Ben Tartavil 


Slieve Snaght.. 
Trostan 
Ben Tartavil 


eeeveeeoeeeeeesases 


@etpeneeeeoeeresaerenenu 


eeseepeCeeeseeeeenaeanes 


Trostan aeeeeeeas teovadge Tree errs 


Merrick ...... ee 


UTA: 2 Seasteocuese ewoearee ee 


| 





18o 0 13-584 


{ 


180 0 25-676 


Woe ty da acstescheangeonesews | 


Merrick 
Jura 


eeveeteceetespecaeseneavues sete 


Slieve Snaght.......scccvseseee 


Jura 


Merrick .....00. 


Ben Lawers .. 


Merrick: ....... : 
Ben Lawers 


eFC eee eeseeseseFeseeE#P eevees 


UPA... Cesatsscuncs beweneeee be: 
eeeece Peeeesrece 52 5 24°929 
180 O 41-345 


Benmore, Mull ............... 


| 


60 13 57:948 


180 0 5-461 


| 


i 


Ju TR ieee ae? 2 


Goat Fell 


| 


Ben Lomond ........ .cseeecee. | 


Corrected Angles. 





o / di 
48 17 43-623 
90 20 3:669 
41 22 47-834 


180 0 35-126 


38 32 59:263 
48 I 57-200 
93 25 18-709 


180 0 15+172 


40 44 44-948 
54 5% 357803 
84 22 55+137 


180 0 15-888 


23 29°150 
26 43-511 


559 58°157 


180 o 10-818 
58 45 31-786 
63 28 12-053 
57 46 29745 


78 7 24:923 
46 40 32-215 
55 12 28-538 


79 50 32-189 
39 49 53°612 
180 0 23-749 
22-163 
29-866 
13-432 


53 42 37-218 
74 12 39-198 


39 % 17-670 
78 5 8-891 


53 16-752 


© 43-313 


55 23-849 
22 55-160 
Al 51-816 


180 0 10-825 


Figure 11—continued. 


Log. Distances. | 


5°61366598 
5°7406 0123 
5+5608 1440 


5°39704874 
5°4437 2440 
5°57166410 


5-36704874 


5°46504540 | 


575507 5292 


5°32166699 | 
542716461 | 


5*3555 7958 


5°4074.477 
5°4271 646 
5°4028 353 


ow ae, l 


562640027 
5°4976 0615 
5°5 50% 5292 


5°6264.0027 
5°4396 5052 
5°57166410 


5°5131 5835 
4°9246 14702 
5°5766 9069 


5:63.56 8972 
5*71264570 
562640027 


5° 5624.0606 
5°75374975 
5*7126.4570 


5°3728 1476 
5°4762 8959 


| 
| 


i 
t 
| 


| 
| 
| 
| 


| 


{ 
! 


+ 





| 


t 


Distances in 


Feet. 


410833-62 
550302°15 
363759°55 


232835-95 
277794-98 
372961-58 


2.32835 °25 
2.91773+20 
355020-08 


209733+11 


267401-98 | 


2,.2.6762+15 


255533°44 
267401-98 


252833 -93 


423058-+35 
314459-50 
35502008 


423058-35 
275201+32 


372961-58 


325955°5% 
84065°35 
3773°3°37 


432204-94 
515995°24. 
423058-35 


365095°15 
567217-67 
515995°24 


235947-16 


299426-06 | 


529102774 | 19544643 


| 


| Miles. 


Error of 
A 





| 
77°8 
104-2, 
68-9 





ft 


Supplementary. 
+12°47 
4°74 


—I+22 


+ I-15 


{Supplementary. 


+ 3°57 

















180 o 9-084 
a 


3M 



















TRIANGLES. 457 
FIGURE 11—continued. 
Distances in 
| a Pe Names of Stations, Corrected Angles, Log. Distances. — es oe a 
Ben More, Mull ............ 67 an 19-808 559101976 || 389959°73 | 73°9 
I5 {| Ben Lawers ........0.0. vseee | 52 52 30-395 | 5+52748700 || 336889-13 | 63-8 
Goat Fell ......... sebiaaganaes 59 46 36-468 | 5+56240606 || 365095-15 | 69-2 
180 0 26-671 
Merrick ........ccsesscesssesees | 43° 9 54:062 | 5-47628959 || 299426-06 | 56-7 
16 UTD secscecescrvccccccceceees * 61°42 26-032 | 5-58592621 || 385412-87 | 73-0 ||supplementary. | 
Ben Lomond ....scsccoveeseces 75 7 66-118 | 5-62640027 || 423058-35 | 80-1 
180 0 26-212 
Ben More, Mull ......-+ee0- 5° 33 54°408 | 5°36908218 | 233927-98 | 44:3 
17} Ben Lomond ........secccevees 53 54 63-358 | 5°38877377 || 244773-78 | 46-4 || +-2-40 | 
Ben Nevis ...-secscovesessoeece 75 31 15+257 | 5°46725744 |} 293263-11 | 55+5 | 
180 © 13-023 
Ben Lawers ..o..scssccscees " 53 19 7-829 | 557919191 || 379482-64 | 71-9 
18 | Goat Fell ........0 siectans 71 Il 30-558 | 5-65120997 || 447929-82 | 84-8 || —2-26 
Hart Fell ....... Sevebsvnsiets . 5529 54°528 5*59101976 |} 389959°73 | 73°9 
180 0 32-915 
Ben Lawers ....sccseccesceess 29 22 59-461 | 5°34303505 || 220310-43 | 41-7 
19: (Mare Well, vesessseswisessectes 64. 39 42-750 ! 5:60835552 || 405840-63 | 76-9 || +1-14 
DAIS LA Waiscctodevesetonteess 85 57 38-746 | 5:65120997 || 447929°82 | 84-8 
180 0 20-957 
Bet Lawes: ssissecvswerensees 98 33 21-697 | 5:69059228 || 490447-23 | 92-9 
20 | Sayrs Law.......sccseeee ssiess 26 31 63+399 | 5°34546930 f} 221548-75 | 42-0 |[Supplementary, 
Ben Macdui ........seeeceeess 54 54 55°793 | 5:60835552 |} 405840-63 | 76-9 
180 © 20-889 
Ben Macdui ...ccccossssrrreee |] 52% 10 51-984 | 5+60522155 || 40292252 | 76-3 
21 ' Sayrs DOW ssewenie TeTTITTT iT TTP 2I 52 39:050 5:2788 7091 ¥90051°33 36:0 ry) 
Mount Battock....... oe 105 56 46-865 | 5:69059228 || 490447°23 | 92-9 
180 0 17-299 
Ben Lawers ..eccccssssssceeee . 73 36 37-488 | 560278467 |) 400668-01 | 75-9 
2% | Sayrs Law.......0. oe seerees * 30 2% 47-162 | 532036047 || 209103-10 | 39-6 99 
Glashmeal ........000 senecenses 46 20 54-478 | 5:60835552 || 405840-63 | 76-9 
180 0 19-128 
Glashmeal .......cccceceeseoee » || 81 48 47-957 | 5-60522155 || 402922-52 | 76-3 
23 | Sayrs Law........00 cmenceades 18 21 55-984 | 5-10806024 || 128250-85 | 24-3 3 
Mount Battock ..........+000 79 49 28-706 | 5-60278467 ||, 400668-01 | 75-9 
180 © I1-950 
Mount Battock .....+.. ere 39 7 13-900 | 5-40924840 |} 256595-12 | 48-6 
a4 BYVTS La Wissccsscevecees eecee 58 AI 35-718 5°5409 1993 |]. 347472-°10 65:8 +0°73 | 
Cn Clough ........cssccesece 82 Il 31-136 | 560522155 || 402922-52 | 76-3 
180 0 20-754 | 
Mount Battock Pa oe G06 | 829. 8. 
| M. PSdeNebewieeeuas 4 2 6-896 4:9904.67-7.4 .. Q7.029:03 I nS se 
25: Sas TOO cece veccccesvces 78 47 11-851 5°5973 7566 395708-76 74°9 +0-72 
UMSACN eee. ceseeecceuce 87 10 50-337 | 5:60522155 ||. 402922°52 | 763 


PRINCIPAL TRIANGULATION. 


FIGURE 11—continued. 






- Names of Stations, Corrected Angles. 
Groat Fell ...sssssscscoessecees 2413 61-169 
Ben Lawers ceccercssscceceses 66 4 31-836 
Ben Cleugh COC eeeceereratense 89 41 49°399 
180 0 13+404 
Sayrs Tia cextensteceneuser cers 75 40 45°4-77 
Ben Cleugh .......00ee0. ey 46 34 4-615 
Hart Well :.scsasvsesees eres 57 45 229779 
180 0 12-871 
Goat Well csevicssicessceseeaee 72 30 29-854 
wR LOUEAU CII lense svcusewavereads 36 6 20-206 
Ben Lomond .....cccsecsesvees 71 23 30-007 
180 0 20-067 
Ben Lomond....... sueebeserse TI 18 23-364 
Fart Bev. avec ccctvaseuaesevons 77 46 20-931 
Dunrich....... scevneeeses sisies 90 55 22-272 
180 0 6-567 
Ben Lomond ......cccseeeee ne 36 25 36-299 
DWNTICH eis cusyecteu swessseneeds 24. 16 40-849 
Ben Cleugh ...scccscccsesveee ff LIQ 17 52-018 
180 0 9-166 
Ben Lomond eccccccccccsccvess 20 5 20°058 
Dunrich ........ Ssdcveeleeveates 98 34 26-964 
Sayrs Lawsercecceccccscscceess 61 20 25-651 
180 0 12-673 
Ben Cleugh .....cccsccscseeee 32 39 1:971 
Mount Battock .....c.ccsceese 66 49 32:965 
Ben Macdui ....cccccosccesers | 80 31 39+326 
| 180 0 14:262 
Ben Cleugh ....... sieeiaeiees 5I 10 50-184 
Ben Macdui .........20000. we || 66 24 8-958 
Ben Nevis ........ sidenseecccses!- | OR 25 COr7od 
180 o 19-846 
Glashmeal ..........cee0s saiaies 39 0 10734 
34. | Sayrs Laws... ssccccecescsses 40 19 40-432 
Ben Cleugh ....secccccccscecs 100 40 24-463 
180 0 15-632 
Glashmeal .......ceccccesseseee 13 13 54:686 
BE | Sayrs Laweeessseseciccscsecees 97 9 7-138 
Lumsden cee vereeconvneseccnese 69 37 7°314 
180 0 .9-138 
Knocklayd..cccssesssrsersveees 49 33 7O°707 
36 | Merrick ......sscesessceeeeeeees 82 59 47°674 
. Ben Lomond .eceeecccersesees |, 47 26 35-146 
| 180 0 33527 


Log. Distances. 


5*2042 7464. 
5°55200635 
5°59101976 


546828179 
5°3439 35°95 
5*4092.4840 


55819 5056 
5+3728 1476 
5°5791 9191 


4:8743 6661 
5°57 204007 
5+5819 5056 


_ 5°40510357 


5°2454.7749 
5°5 7204007 


5°1646 7961 
5°62392543 
5°57204007 


5°2788 Fog 
5°5103 4299 
5°5499 1993 


5°4543 2437 
5°5247 9754 
5°5103 4299 


5:40924840 
5°42136168 
5:6027 8467 


4:99046774, |. 


5:6274.7262 
56027 8467 


5°5859 2621 
5°7O11 9509 
557166410 


Feet. 
160056-99 


350450-34 
389959°73 


493955°59 


— %420310+-43 


256595°12 


381900-79 
235947°16 
37948264 


74880-13 
37328560 


_ 381900-79 


_ 254157-88 


175985°75 


—373284-60. 


146109:89 
420054-40 
373284:-60 


IQO051+33 


323849-32 
347472+10 


284658-64 
334809-32 


- 323849-32 


256595°12 


2.63852°78 
40066801 


97829-03 
 424.104+25 
. 400668-o1 


385412-87 
502568-30 


. 372961-58 


Distances in 





Miles. 





0-3 
7°5 
73°9 










$2017 






—6+12 







+260 










AIG 









Supplementary, 






ee 







+ 1-33 






Supplementary. 


39° 


33° 








TRIANGLES. 


Figure 11—continued. 


‘Names of Stations. | Corrected Angles, 

Ben More, Mull ...cccccse. 43 17 30-723 
Goat Fell ...... iwehwee Maas 8 2 “172 
59 27 37°17 

Ben Lomond........ avustete 78 15 8-023 
180 o 15-918 

Ben Lomond ....esccsccceeeees 40 59 3-006 
Dumrich ......sscccccecesoes Beas 50 28 14-673 
Hast Lomond...ccccvssessccces | 88 32 58-889 
| 180 0 16-568 

Ben Lawers:.cc.sccsscsssseeee || 63 33 4:963 
| Glashmeal .....006 saeeescevees 62 46 16-644 


Kast Loomondeeesecccccecs eeee¢ 


Mount Battock ....cscccceseee "86 49 57-711 
Lumsden ..rccccossseccecceces 43 22 Q9+407 
ast Lomond...ccccssssscecees 99 48 8 +250 





| 180 0 15+368 








53 40 48-543 
| 180 © 10-150 


Log. Distances. 


5*3728 1476 
5°4672 5744 
5*52748700 


5°3889 7096 
5°4593 9307 
5°57204007 


5°3815 2139 
5°4405 1503 
5°5973 7506 








“Mount Battock ....sccscsveees 22 47 50-815 | 5:26272065 
Sayre Law sessesavesicsaees aes 35 41 46-010 | 5+44051503 
East Lomond....... scecveesoss || IZ 30 33-289 | 5:60522155 
oo ee 180 oO IO-1I4 . : 
Dinrich isis sees ccaeaceive Ceeeee 26 II 33-824 50547 5167 
| Ben Cleugh ....ccccccccsccees 7% 20 25-063 | 538597096 
East Lomond...... sadseeisvesk 8x 28 7-569 | 5:40510357 
180 0 6-456 
Mount Battock ......cee0e ff 197 52 19-024 | 523295834. 
Lumsden - ....cccscsessscsseens 27 22 52-2909 | 5+40865187 
Kellie Law ....ssccseccscseees 134 44 55-988 | 5*59737566- 
; 180 O 7-311 | 
Mount Battock .......seee08 || 18 57 38-687 | 4:95283913 || 
Cllie Law ...cesscdesveecese ff 92 54 18-103 |. 5-44051509. 
East. Lomond. ......ssereee 368 8 8-603 | 5:40865187 
| 180 0  5:393 | 
a Battock ..evseeeee | 75 59 16-578 | 5-41040853 
Gl: acy re sescvcevees || 28 55 29234 | 5:10806021. 
as CW sens vecuceserenis eevee: - “95; 5 21-679 5°4086 5187. : 
180 6 7-491 : 


2 EE | : 


3M 2 


Distances in 


235947-16 
293263-11 


336889-13 


244889-95 


288000-38 
373284-60 


2.32360-05 


2.30764+92 
209103°10 


240725-11 
275749:°69 
395708-76 


183113°62 
275749°69 
402922+52 


113436+21 
244889-95 
2.54157-88 


. 19098512" 
25024.2-91 
- 895708-76 


8970964. 
275749-69 © 
+ 95624291 | 


25928151 


128250°83 
- 25624291 


Miles. , 


459 


Error of 


—2-19 { 
— 3:99 
5°93 | 
—8-67 


— 5:08 | 


—1:80_ 
—2-Ol 


eT | 





PRINCIPAL TRIANGULATION. 











FIGURE 11—continued. 








me cr Names of Stations. Corrected Angles, Log. Distances. cenit Ones 
, Feet. Miles, A. 
‘ oO « 4 “ 
; ea sowaiebeaeevaneees 34 46 24:426 | 4:990467474 || 97829-03 | 18-5 
46 | Lumsden ...csocsrerrseseeeees 59 47 58-037 | 5:1709 9072 || 148248-64 | 28-r |} +1-08 
Sayrs Law... ..cccccsssecsscevee 85 25 40°934 | 5°23295834 | 170985-12 | 32-4 
180 0 3°397 
Ben Lomond......+. sesengueds 91 I 52-482 | 5*14556310 |} 139818-00 | 26-8 
47 Dunrich ...cecrseserseecers sees 52% 19 24:052 | 5:48906584 || 308365-54 | 58-4 || +4-91 
Calton Hill ...... vuseneaus 106 38 53-173 | 5°57204007 || 373284-60 | 70-7 | 
180 0 9707 
Ben Lomond Sucheeetagaals eer 72, 56 21-402 | 5°47942685 301596-88 | 57-1 
48 | Calton Hill ......... soencee os 29 15 17-971 | 5:18800034 || I154170-14 | 29+% |\Supplementary. 
Ben Lawers Cee oeeeeeneseeness 77 48 31+306 5:48906584. 308365-54. 58°4, 
180 0 10:679 
Ben Cleugh ..ssccccereeree |} 45 38 57°376 | 5:02218970 || 105242-15 | 19-9 
49 . Kast Lomond....eees orersccere 83 55 49°252 5*1653 9890 14.6352-09 2764 —1-73 
Calton Hill  ...cccctscescveees 50 25 16-161 5054.7 5167 113436-21 215 | 
180 90 2789 
Sa ear eesecces ecensecces AI 33 20°721 4°9528 3913 89709-64. 17*0 
50 | Last Lomond........+.0+eeees 87 20 55+303 | 5°130633090 |] 135093-33 | 25-6 || +410 
Kellie Liaw ....cccsscevecvee SI 5 46-192 | 5:0%218970 || 105242-15 | 19-9 
180 0 2-216 
FIGURE 12. 
Precell yvcsiasuesduciescoun visas 54. 9 6-902 | 5+51774790 || 329418-44 ] 62-4 
1 | Cradle ..... paueiuiasacaedouss 59 22 27-467 | 5°54371596 || 349716-37 | 66-2 || —2-40 
Paracomb sinasscdvarecessede'se 66 28 50°476 | 557129508 || 37264482 | 70-6 
180 0 24°845 
Precelly .....cseccoscescovereees 32 7 28-868 | 5-27016409 || 18627909 | 35-3 
a | Paracombe.......cee pisfemieeaee F54 31 33:°026 | 5°45527895 || 285285-01 | 54:0 || +1-79 
Lundy Island  .....cccoeeves : 93 21 10-584 | 5°54371596 || 349716-37 | 66-2 
180 o 12-478 
pial ee sweieseneduscaes 86 50 43:672 | 543731551 || 273725-66 | 51-8 
3 Brown Willy eoseece 50 21 5:897 532444505 211079+30 40-0 fer 1-91 
TOWN WILY. ccccccccvccccones 42 48 19-667 | 5°27016409 186279-09 | 35-3 
180 0 9236 
Lundy Island eoeessoscces 50 4. 17 we 86 6 8 ° 
se 39 | 5°26086364 |} 18233231 | 34+5 
4 Pe weveteseeeVeuseaeas 978 21 45°188 | 5:36716600 || 232898-13 | 44-1 —2°91 
ig UNAYS ceccccsovcecces 5I 34 20-808 5°27016409 || 18627909 35-3 
180 0 7-825 
Lundy Island ........00 a 4.47 6-411 | 500501493 || 101161 | 
. eee 2, “4% | 19+2 
5 .| Brown ea rere Me 94. 12 20:998 | 5°38141360 || 240665-3% | 45-6 || +7-83 
Trevose Head ..... eeeeeenens 61 0 37:001 | 5+32444565 || 211079-30 | 40-0 | 


180 0 5-010 








Names of Stations. 


Brown Willy....sscccoee ree 
Trevose Head 
Hensbarrow 


Pee eteveeesseovvace 


Lundy Island .......cesce008 
"High Wilhays ......sceceees. 
Hensbarrow ....cccsceseceeees 


#eeovevseseeoeeeaeaceseene 


eeeosveseoveeeeeseoeen 


Precelly....... ASasebgesztonesss 
Dunkery cassiesescessinssedes 
High Wilhays 


@eeeeseeseaesenges 


PATACOMDC....sccreveecencerees 
Brown Willy.......cccsesescee 
Dunkery: sis cscs eeasucevses ews 


Cradle’. <ssccutcanwaneseseess 
Dunkery™ scciovcscdeveceneavass 
MONGID iciscvisedguanseatawese 


Dunkery 
| Mendip .....cccccecee poaeiiieuwas 
Pillesdon 


®eCRBeGeeeeeeeeeeoeeesea 


@eseeeeeoeveeeeetseeteses 


WICTIOUP weed sdasseeseceuesooess 


*@eeeee eet eeoateeseecees 


High Wilhays 
+ VillesdOn ..cbscveaesseavsesense 
Ryder’s Hill .......cseseeee. os 


Pillesdon ..ccccecvcens exeusoe’ 
Ryder’s Hill ...........0c00008 
Barrow Hill ......cssesceseces 


Peoseesensveavseonse 


} 


TRIANGLES. 


FIGURE 12—continued. 


Corrected Angles. 


47 38 34-867 
59 13 7-590 


73° 8 19-140 


180 oO 


1-597 


48 0 38-530 
79 21 38-839 


52 37 54°359 


11-728 


7 23:07 
70 O 37:032 
2 24+568 


180 0 25:273 


46 33°559 
107 35 36-450 
38 7-628 


180 0 17:637 


124 50 22-808 
9 29 35:276 
45 40 5:25! 


180 0 3335 


46 41 4300 
64 46 25-679 
68 32 45-680 


180 oO 15+659 





41 48 11-675 
61 32 57°755 
76 38 58-722 


180 0 8-152 


36 38 56-475 
122 33 21-276 


20 47 51-250 
180 _O g-OOI 


76 36 42-163 
(14 54 25-788 


8 28 56-544 


© 4:495 


22 28 57-538 


go 6 33-109 


67 24. 36-395 


O 7-042 


56 g 1-046 
99 12 15-891 


24. 38 45-400 


180 


eis 


Log. Distances, 


4:8927 1977 
49581 5606 
5°0059 1493 


5°3380 8015 


5°4594.0875 
5*3671 6600 


5°4868 9345 
5°5949 2094 
5°57129508 


5°3008 3762 
5°6922 1059 
5°5949 2094 


5°49704166 
4.80011I1g, 


5°4373 1551 


5+2156 9899 
5°3359 5500 
5°3799 5750 


5441300642 
5°59116789 
5+2156 9899 


5°4294.9205 
4:8518 0850 
5°4413 0642 


5:0466 7169 
5°4641 6083 


5°4294.9205 | 


5*15100518 
5°22603780 
4°8518 0850 


Distances in 


Feet. 


- 8112-36 
90814-68 
TOIIGOL+42 


1781117 
288010-79 
2.32898-13 


306826-91 


393478-43 
372644-82 


199911-43 
492278-19 
393473-43 


314081-00 
63111-88 
273725°66 


239859-82 
298228-75 
306826-91 


164323+24 
216747°95 
2398-59-82 


2.76252°63 
390092-46 
164323-24 


2.68838-87 
7 1090-00 
2.76252,-63 


IT1345°25 
291179°51 
268838-87 


I41581-07 
168282-05 
71090-00 


Miles. 





+-0°79 | 


+0-01 


—0:92. 


Supplementary. 


+ O12 


—1-61 | 


Supplementary. | 


+3:70 | 


PRINCIPAL TRIANGULATION. 


FIGURE 12—continued. 






18 


19 


21 








Names of Stations, 


Ryder’s Hill 
Barrow Hill 
Hensbarrow 


High Wilhays 


Deadman 


Brown Wiilly......sccccccssers 


Hensbarrow .... 


Deadman 


Hensbarrow .ecccce 


Barrow Hill 


Maker Church Tower 


High Wilhays . 
Deadman ...sens 


Maker Church Tower 


Trevose Head . 


eeeesas € 


FHC eSoeeeeeereses 


Ryder’s Hill oes: 


Peeeeereses ee ORees 


eseeuseeeteeeaes 


Flensbarrow ...cccsccceesevees 
St. Agnes’ Beacon......++eeee 


Hensbarrow ...cccsssesccesees 
St. Agnes’ Beacon...cceseeves 


Deadman ....... 


Deadman 


eeeeceeeees ees 


St. Agnes’ Beacon....erreceee 


Karnbonellis.... 


Deadman 


Ryder’s Hill .... 


Hensbarrow 


Goonhilly ....... 


Karnboncellis .... 


Goonhilly ....... 


een 


COeererecseces 


@eeeteoeesvcas 


CPC ood eee eee 


etees 


seé@t teen 





Corrected Angles, 


0 nw 
| 103 5 38-407 


53 7 3275 


23 47 24-951 
180 0 5:633 


7° 49 11-940 
92 41 15-789 


16 29 36-222 


180 


0 3:951 


I4 42 17°739 
142 25 1-063 


2% 5% A41l-Q71 
Oo 0773 


6 53 5°554 
8 20 56-618 


45 58955 


180 0 1-124 


29 28 41-782 
24 58 57-820 
125 32 24-158 


180 0 3-760. 


65 43 55°940 
67 6 7-276 


479 58-428 


1-644. 


7 20 32+521 
y gi 16-068 


180 oO 


68 8 12°733 
180 O 1°329 


25 51 23-420 
75 51 56-605 
78 16 41-034 


180 Oo 1-059 


27 45 9+281 
84 48 39°232 


67 26 12-695 


180 o 1-208 


{Sanaa RT 


17 18 27-430 
136 32 31:074 
26 g 6-820 





180 0 5:32¢4 


FIGURE 13. 





Log. Distances, 


5°4295 1546 
5°34.39 6994 
5:0466 7169 


5°37384198 
5°3981 6723 
4°85180850 


4°77 30 1845 
5°1537 27540 
4°9581 5606 


5:0886 8219 
5°1719 3237 
5°4295 1546 


5°1797 3892 
5*1133 5770 
5°39816723 


4°9872.4202 
4°9917 7485 
489271977 


5:0089 7351 
477301844 
498724202 


4:6577 2987. 


500477550 
500897351 


470742110, ie 
. 109037+38 
.: LOIIO5 +67 


5°9375 754% 


510047 7550. 


5-17326057 
5°53726361 


Feet. 


2688 53-36 
2.2078 5-19 
111345°25 


236505+90 
250130-84 
7 1090-00 


59295°05 
142.470°05 
g0814:68 


122654+11 
14857043 
268853-36 


151265-16 
129824-81 
2.501 30:84. 


97105°09 


98123-91. 


78112°36 


102087+72 
59295°95 
.-97195°99 


4547°°515 
IOLI05-667 


.102087-792 


.50982:50 


-149025+49 


344559 +02 


5°34396994 |, 220785-19 


Distances in 














Miles. 





50°9 
41°8 
O11 


19°3 
11-2 
18-4 


8-6 
IQ+I 
19°3 


o7 
90:6 
I9+I 


28-2 
65°3 
41°8 


Error of 
A, 


dé 


Supplementary. | 
* +109 | 
—Or'l2 


4-48 







Supplementary. 








+ 3°22 | 


+2913 


—7°74 | 


Supplementary. § 


9x i 





Names of Stations. 


St. Agnes’ Beacon......... ows 
Karnbonellis ..... ieeteasaveeus 
Brown Ww ysccsisssccseacecs 


Trevose Head 
Hensbarrow ..ccoccecesscceces 
Karmminnis cccscscccessvscees 


Brown Willy.....cccesseercers 
Hensbarrow 
Karnminnis cseccscessccceees 


eee eresSeeeReHeese 


Karnminnis 
Hensbarrow 
Karnbonellis 


see@eeeosee ee aeeone 


St. Agnes’ Beacon......seeeee 
Karnbonellis ....... seeeoueaee 
TKarnminnis ..cscccesseseecers 


Trevose Head cccccccsscacees 
Hensbarrow .eccecscecess ee 
Karn Galver eeevese eteeveeesse 


Karnbonellis Ses cmetteeuenesuee 
é Karnminnis eG@eeesvpescoeoae tees ens 
Karn Galver .ccccscccccssccece 


Karn Galver ceccsseosccccees “s 
- Karnbonellis ...... seebiidees 
Goonhilly .scccccorsseevveeees 


Karn Galver eOeecceeeaseeseesse 
Goonhilly Cec eereseeorcee eoeceoe 
Pertinny ....cscere secveescens 


Karnbonellis ...cssesssccoeeese 
Karnminnis .:.. 
Pertinny 


Pertinny ..,..., swaseees ree 
Goonhilly ., 
Wolf Rock 


eeee6 eeeetsaseteasetene 


TRIANGLES. 


FIGURE 13——continued. 


Corrected Angles. 


ce] / 
I29 34 
40 45 
9 40 
180 oO 


23-620 
26-498 
aN° 539 
1-457 
82 2 58-162 
92 36 47-128 


25 20 17-880 


180 


32 
145 
II 


QO 3+170 


57 4°744 
45 6-268 
17 51-162 
O 2174 
IO 22-132 
Q 50-960 


180 
26 


39 48-250 


180 O 1-343 
46 31-855 
43 30-760 
29 58-151 


180 0 0-766 


83 59 49°405 
73 23 51-645 


22 36 22-509 
180 0 3+559 


7 33 46-264 
146 25 39443 
26 0 34-473 


180 oO 0-200 


26 57 51-028 
99 37 22-711 


53 24 47°329 


180 o 1-068 


86 39 16-380 


II 39 28-018 
81 41 16-191 


180 0 0-589 


IQ 21 18-144 
125 41 33-387 
34 57 _9°036 


180 0 0-567 


112 6 10-069 
25 13 455-101 


42 39 56-545 


180 Oo 


1°715 








Log. Distances, 


5°3194.5268 
524.73 2085 
4:6577 2987 


525712417 
524100730 
4:89271977 


525712417 
5°4164.6086 


4:9581 5606 


5:0817 7803 
485487255 
5°2571 2417 


48548 7255 
4°92751530 
4:6577 2987 


5*3055 5858 
5:2894.5257 
4:89271977 


4°3321 8200 


495559943 
4°8548 7255 


4:7074.2110 
5:04.47 5498 
495559943 


5+0486 0063 
43548 3203 
510447 5498 


4°61719510. 


5°0064.3760 
4-85.48 7255 


5+1844.02.56 
4°84724846 
50486 0063 


Distances in 


Feet. 


2.08666-478 
176734300 
45479°515 


180769:10 
174183-61 
78112+36 


180769-10 
26089206 
90814-68 


120719-69 


71593°33 
180769-10 


41593+328 
84629-2438 


45470°515 


202096-41 


194738-84 
78112°36 


2,1487+308 
90281-638 
71593°328 


50982-50 
110854-92 
g0281-64 


111840-893 
22.637°686 
110854-921 


41416-662, 
101493°354 
71593°328 


152898-27 


79347°47 
T11840-89 


Miles. 
‘5 
5 


39 
33 
8 


463 


! 
Error of 


, A: 


— =e 





: 


\|Supplementary. § 


4é 


= 3°70 
$293 
+ 3:00 
+6+90 | 
Supplementary. 
2 
2 
— 3-04 


Supplementary. 





20 


22 


23 


24. 


27 


PRINCIPAL TRIANGULATION. 


Names of Stations, 





Pertinny~ csesssinisoaaceias 


Wolf Rock ....... ites aoe 
St. Martin’s Head... 


Karn Galver ....000. ese eveleess 


P CPUNDY ~ -Sesiescccdeucenes sas 
St. Martin’s Head .........00 
Karnminnis . 


KKarnminnig ......cecseceseess 
POrHUNY ccnccatswcoresesinsaecss 
Beacon Hill, Trescow 


Pertinny 
Beacon Hill, Trescow ...... 
Telegraph Tower ........s006 


Peeeseserseceecnseeeee 


Perlinny® w.seossedexses ey 
Beacon Hill ..........cceseccs 
Karn Galver ..cccoccsceccccccs 


Karn Galver ....... sececeeeiee 
Beacon Hill 


Karn Galver .ccccsccsccccceces 
Beacon H II 


eeeteetons 


Pertinny 
Telegraph Tower .......seee 


| St. Agnes’ Lighthouse ...... 


Pertinny  ...csesecese seieeatas 
Wolf Roehk tisccisvedcscvncdoocs 


Beacon Halk ..cceecescsscccocs 
Peninnis Windmill ......... 


St. Martin’s Head ............ 


Tr a 


FIGURE 13 —continued. 


Corrected Angles. 


37 40 18-852 
118 50 56-206 


23 28 46 506 


180 0 1-564 


128 32 14-888 


5 59 24-084 


45 28 21-672 


180 0 0-644 





148 I0 27-004 
6 33 46-270 


25 15 47-520 
180 0 0-794 


26 52 57°443 
146 52 4:106 


6 34 59°367 
180 0 o-9g16 


444 4:669 
71 5 45°919 


104 10 9-973 


180 0 0-561 





| 127 13 51-989 


5 32 35°612 


47 13 33°128 
180 OQ 0-729 


6 27 46-300 
116 8 51-807 


57 23 22-876 
180 0 0-983 


—-6 25 51-838 
89 58 22-267 


83 35 46-819 
180 0 0-924 


2 37 14-664 
149 41 3-963 


27 4I 41-702 
180 0 0-329 


31 57 29°449 
129 35 18-132 


18 27 13-920 
180 90 I-501 


72 58 56-535 
47 1 1-242 
60 0 2:307 


180 0 0-084 


Log. Distances, 





5°0330 4592 
5°1893 5992 
4:84.72 4846 


5°22964053 
4-3548 3203 
5°1893 5992 


5°2812 5072 
4°6171 7509 
5°1893 5992 


5°2355 9230 
5°31794619 
461717510 


4:16.56 7463 
5°2249 3035 
5°2355 9230 


52708 9849 
43548 3201 
5°2355 9230 


4°3967 7832 
5°2985 1617 
5°2708 9849 


4°3228 5900 
5*2736 1666 


5°2708 9840. 


5°9705 2199 


5°2339 7550. 


484724846 


4°3658 8102 
4°2495 7321 
4*3228 5900 


Distances in 


Feet. 


107906-08 
154653°56 
79347°47 


169683-854 
22637-686 
154653-561 


191095-614 
41416-662 


154653°501 


172925-291 
207943 °9O1 
41416-662 


14644+503 
167853°479 
172025°291 


186594+353 
22.637-686 


172025+201 


2.4933°217 
198845-687 


186594353 


2,1.030:956 | 


187765:871 


.186594°353 


16513671 | 


182299-710 
167853-479 


11763105 


 171267+74 


_ 7034747 


2322-005 
17765°3297 
21030:956. 


Miles. 





20-4 
29°3 
13°3 


Error of. 
A. 





‘4 





Supplementary. 


+4°75 


5°54 


Supplementary. 


+480 | 


+ 3°94 


Supplementary. 


—I1-13 


Supplementary. 














or Names of Stations. Corrected Angles. | Log. Distances. slants oe of 
Feet. Miles. : 
* i?) / f/ df 
; oe Ee ae 59 38 55-798 | 4°21337511 || 16344-631 | 3+1 
2 | a see CAC esssceesecs 50 38 26-210 | 4°16567463 || 14644:503 | 2-8 || +9-48 
elegraph Tower ......... vee 69 42 38-045 | 4:24957321 |] 17765+327 | 34 
180 0 0:053 
Wolf Rock  ....c..ceee 8794218 -68 
ae | Thee eb eeeeeeceeens 3 40 25-074 | 3:07942107 7575004 I 
29° | Peninnis Windmill ......... 80 31 45-491 | 5:06678853 || 116624-160 | 22+1 |\Supplementary. | 
Telegraph Tower ....secceeee 1 gx 47 49-642 | 5:07052199 || 117631-054| 22. 
180 0 0-207 
St. Agnes’ Lighthouse... | 56 51 3-217 | 432285900 || 21030-956 | 4-0 
30 | Beacon Hill ......+0+-+sseeeee 26 10 29+540 | 4:04455278 || 11080-332 201 
Peninnis Windmill ......... 95 58 27-297 4°3967 7832 || 24933°217 | 47 
180 0 0-054 
peers sebesneveeosaness 28 13 4-604 5:0486 0064 |} 111840-90 | 21-2 
31. resent OSTERTeTT TST Tet Tee T 112 43 50-924 5°3387 9091 2.18167-93 41-3 +0-86 
CQUNNY sissscsssceencaterses 39 3 8-088 | 5°17326057 || 14902549 | 28-2 
| 180 0 3-616 
FIGURE 14. 
: | | 
: se Hill scsccsesscseocscseces | 45 49 5-512 5700309963 | 100716-27 | 19+1 oe 
INGTCEN ..ccccccvccceseccseee 85 26 16-998 | 5:14723190 | 140356-30 | 26-6 || —2-64 
Westbury Down ....cccccees | 48 53 39°996 | 5:02569162 | 106094-19 | 20-1 
| | 180 © 2-506 
. oe es | 73 13 17-848 | 5-20089906 | 158817-76 | 30-1 
2. he UTY DOWD seceseeeee >| 48 59 8-275 | 5-09747629 | 12516310 | 23°7 | 2°35 
IMKPen cicccecescccscecscccces | 57 47 37-832 | 5+14723190- |. 14035630 | 26-6 
18 0 3:956 
Westbury Down .......000.. 97 5% 48-272 | 5-29968295 || 199380-62 | 37-8 
3: Inkpen sepseune shancovenee sess Zo I 30-841 5:00309963 | 100716-27 | 19-1 || —0-07 
Wingreen seoossseses enevess ose 52 5 44:614 | 5-20089906 | 158817-76 | 30-1 
180 0 3:727 
Dean Fill ...ccscsvesscsseveces 66 47 53°737 | 5°14575579 || 139880-05 |. 26-5 | 
4 | Inkpen wesccesssesessenenseeens 57 52 28-841 | 5-11020695 || 128886-36 | 24-4 |\Supplementary. 
Stoke Hilk.....csecsssseseseees || 55 19 40-QIO 509747629 || 125163-10 | 23-7 
180 0 3-488 
? arena ee ees 6 25 24-111 | 4:27735406 || 18938-870| 3-6 
ie Siok pet OWN secccccccece 49 34 57°O51 | 5+11020695 ||.128886-356 | 24-4 || -+-1+79 
SO TTL ce ecesceeescsseeveee || 123 59 38-714 | 5147237190 || 140356-296| 26-6}. 
| 180 0 0-476 
; al Hat Tr iceruaeaeeate: 82 56 18-488 | 5-05888866 | 114521-93 | 21: 
Beacon Hill ....... ersteaestt: 30 13 33-204 | 4-76411607 | 58091-96 | 11-0 || —4°95 
ate SibkniaeCeibese neon 66 50 9°747 | 502569162 106094:19 | 20-1 


TRIANGLES. 


FIGURE I 3—continued, 


| 








180 o I-439 


3N 











465 











PRINCIPAL ‘TRIANGULATION. 


FIGURE 14—continued. 








WiUngrcen .ecscccecesees sclimiags 
Westbury Down ..........6 
Beacon Hill ......eee0. sasowes 


Westbury Down csccosseoes 
Mac EU accuse iwcutcecasees 


Beacon Fill ......cecseeeceeee | 


Milk Hill ...... sovenuesccnosin 
Inkpen .s..seccceees saeecssaes 


Beacon EVill .ecesssscceeceeers 
Wingreen .ssccecccceccerereees 


Stoke Hill..... sseceeevess beaks 


Beacon Fall ° sbeSecteee. eoe8eeae ve We 


Mille Trill ......scccsccevcovees 
Stoke Pillcsvestes eens eee eee 


Dean Hill ......00 Seerienueaes 
Inkpen ...... Scusodaneesaneas 


Mill Til ..esscveccnccssoeees 


Dean Hill ...ccccescsovvvceseee 
Winercen ..scssoceccccencveees 


Millk TLilL ....sssecceeecereeeee 


Inkpen eeoseeeeeeeeeaeesessesense. 


Milk Hill .......... ‘nesoveesons 


Upcot Down ...sseccresseseoee . 


Inkpen Pee eee PSORH ESET EEe ees eee . 


Westbury Down ....... sie 
Tipcot Down wossesserceseveeee 


Westbury Down - .......e000 
Tpcot Down .oreccccsssecsoees 
Stoke Hill SOCK EHC R CERI, READE8 


Corrected Angles. 


° 7 4/ 
55 24 4°558 
55 12 43°793 
69 23 13:877 


180 o 2-228 


51 I 1577 
48 26 48-320 


80 32 11-504. 
180 oO 


1-401 


66 16 38-563 


6I 45 6-072 


51 58 16-764 


180 0 1:+399 


61 39 41°501 
44 57 15°389 


73.23 5112 


180 © 2-002 


44-45 24+034. 


74. 41 29-836 


60 33 6-596 


180 o 1-066 


“39 46 48-868 


75 33 7°341 
64 40 6-317 


180 0 2°526 





"9 6 34+493 
58 28 50-333 


42 24 38-461 
180 0 3:287 


24. 56 42-025 
80 39 19-172 
74.23 59-601 


180 0 0-708 


42 42 11-534 
33 45 23°954 
103 32 26-812 


180 © 2+300 


33. 9 34°579 
6 13 38-522 


| 140 36 47-169 


i8o 0 0-270 


Log. Distances. 


5-00309963 
5°00210736 
5°0588 8866 


48986 6534. 


4°8821 5646 
500210736 


5:0219 7212 
492654856 


-5-0588 8866 


4-7898 7136 


4:92654856 
48821 5646 


494745472 
5+12742529 
5:09747629 


5°1888 5754 
5°2274.2522 
5°0256 9162 


458880754 
49579 5350 
494745472 


§-0444.980% 
4°9579535° 
5 +2008 9905 


4°9799 9595 ° 


4°2773 5406 
5:04.44. 9801 


Distances in 


100716-27 
10048642 


11452193 | 


79189-09 
76235-+36 


- 10048642 


8860428 


85255°09 


76235+36 


105189+43 
84440-06 
114521-93 


— O164.1+24 


84440-06 
76235-36 


§8604-28 | 


134098-go 
125163+10 


154474-76 
134098-90 
106094.19 


38797-840 
90772°335 
88604284 


110789-35 


99772°33 


- 158817-76 


95498-169 
-18938-870 


110789-+349 


Error of 
Miles, A. 


wees 


—2°TO | 


Supplementary. 


16-0 99 


= 3:07 


Supplementary, 


O10 


17-2 


+0378 
3o-r | - . 


181 


3°6 Supplementary. 
2I°O |. 





- | Milk Hill 





Dean Hill a ieee ceeded 
Old Sarum Castle ......seceee 
Old Lodge........00 encevasen 


Dean Hill ...... a gieawueee vs 
Beacon ELI] v.ccccccccsccccee 
Four Mile inde SPiccemasass 


Beacon FELL .c.ccccsccceccccce 
Four Mile Stone .....cccecee 
| Old Lodge... .cssesescssseccees 


eeeeseeeeeus 


Berea ll wacstante 
Four Mile Stone ...csccccees 
Old Sarum Gun 


Four Mile Stone ...ccccesecs 
-+ Old Sarum Gun ..... bia 
Old Sarum Castle ....sccscees 


Milk Till .coceccceceses io 
Inkpen aia aeineeemees uaweeewe ‘ 
Old Lodgessssssssseeeeveeres 


Milk. Ell ‘eens pereccsecevscccse 


: Old Lodge. eeecere Siivcscsesic cen 


Old Sarum Castle ....ccoees te 


Mil. Hill eenee Oveeesenrevevere 
Qld: Sarum ae idwateeaen - 
Stoke Hill., 


Old. Lodge.. 


StCeeeeetseesensetaee 
e 
Peet wecrecereeesseces 


Pee ew eeesedeneeeere 


Stoke Hill 


TRIANGLES. 


FIGurE 14—continued. 


Corrected Angles. 


o / “i 
49 54 51°415 
45 57 = 2°321 

293 8 6-638 


180 0 0-374 


58 40 46-570 
55 43 10-163 


65 36 3-586 
180 0 0-319 


39 29 = 1°595 
68 25°59+202 
72 4 59°696 


180 0 0:493 


95 13 41-648 


— «39 43 47°919 
53 2 30-658 
180 0 0-225 


72 14 “1-174 


— 68 34 52-961 


39 11 6-068 


180 0 0-203 


23 59 40°474 
72 1 $7°751 
85 58 21-911 


180 0 0-136 


6 2 16-653 
Go 24 25-413 


II3 33 17°940 
180 0 0-006 


56 37 33°310 
67 58 60-072 


55 23 28-355 


180 0 1-734 


2%2 5 41-077 
84°45 44:697 


738 35-149 
180 0 O-gI7 |. 


— 57 43 20527 


6 18 23-012 


85 58 16-734. 


180 oO} 


1°273 


34 18 36-863 


te 49 2°597 


05 52% 21-964 


180 o T4204 


3N 2 


Log. Distances. 


4°5809 6062 
4:6213 3889 


4:7641 1607 


4°5935 0492 
4°5791 0026 
4°6213 3882 


4°58906622 
4°7543 8305 
4°7641 1607 


468390792 
4+3948 9332 
4+58906622 


4°57307331 
456321587 
4°3948 9332 


41993 6067 
4°50321587 
4+5890 6622 


3°25910770 


4+1764.4377 
4°1993 6067 


4:95376577 
4°9991 4412 
4:94745472 


459350492 


501640072 
4°9991 4412 
4°9445 7441 
4-7898 7136 


5°0164.0072 


‘4°7898 7136 
5°0319 500%" 


4°9991 4412 








Distances in 


Feet, 


| 38103-127 


| 41815-647 


58091-965 


39225178 
37940°2.56 
41815-0647 


38820-956 


"56778+382 


58091965 


48295639 
9.482,5+239 
38820-0956 


| 37417°375 


36577°656 
24825 -2°32 


15825.618 | 3: 


39577°056 
38820-956 


1815-966 


150F2-I1T1° 


15825618 


~ 8ggo0r-26 


99803-12 
8860428 


39225178 


133828. 617 - 


99803122 


“*880r8-89 | 
"61641-24 | 
103848-62 


"6164124 
"107634°13 


*99803°12 | 





467 


Error of 


—O'02 | 


—0-62 | 


— 4-50 
4°57 | 
—2:I0 | 


Supplementary. J 


— 3°05 | 


7 || +017 


043 











a of Names of Stations, Corrected Angles. |° Log. Distances. =a ri ne - 
c ee ues, sd 
te] 4.644 di 
; Old Lodae...ccccocsccccvecsees 40 5 14:298 | 4:89866534 79189-09 | 15-0 
a8 | Millk Hill .....cecssreeees seeee 85 39 44206 | 5:08856607 || 122621-34 | 23-2 || +043 
Westbury Down ........ sore | 54. 15 3°29 | 499914419 99803-12 | 18-9 | 
| 180 0 1-854 | 
Old Lodge... .ccccoscoveseseses 49 12 60-754 | 5:00309963 || 100716-24 | 19-1 
29 Westbury Down ......sesees 63 34 58-906 | 5-07600127 LIQI24+55 | 22-6 |{Supplementary. 
Wingreen .rccsersccccceevece - 67 12 2-942 | 508856607 || 122621-34 | 23-2 
180 0 2-602 
Westbury Down .....+«. wooo | 47 23 31-861 | 487923232 | 75723-78 | 14-4 
go | Wingreen ..... abieveuseaeeaes 54 23 36-523 | 4-92246089 83649-03 | 15°8 3 
Four Mile Stone .........+0. 78 12 53:075 | 5:00309963 || 100716-27 | Ig-1 
180 O 1459 
Westbury Down .......se00 70 26 30-336 | 4:97305452 9398413 | 17-8 | 
3r | Four Mile Stone ............ 52 33 27-296 | 4:89866534 49189-09 | 15:0 || —1-44 
WC IN: cccncwececiecextocsse 57 Oo 3-836 492246089 8 3649-03 158 
| 180 0 1-468 
Four Mile Stone ............ 49 57 7°077 | 478987136 || 61641-24 | I1-7 
32% | Mille HLill 2... .cceeeseseeeees 5I 9g 22-168 | 4:86480633 73249-7978 | 13:9 || +-0-05 
Stoke Hill ......csscsesessevees 87 53 31-817 | 4:97305452 || 93984-13 | 17-8 
180 0 1-062 
FIGURE 15. 
Pillesdon ..cccccosccsvevecerse 44.4% 44°304 | 5-11926316 || 131602-20 | 34:9 
Z| Mendip ocsccsccsscssveeeeres ose 73.49 49°971 | 5:2544.4357 |) 179656-77 | 34-0 || —1-63 
WInGreen srcccoccesescoesvsces 61 27 30-611 | 521569899 || 164323-24 | 31-2 
180 o 4-886 ; 
Pillesdon ...secceccsecevees vee || -44 25 16-492 | 5°14145421 || 138507-42 | 26-9 
2% «| Wimercen 22... ereccccsevvvees 7O 21 45°971 | 5°27038005 | 186371731 35°3 || +3°32 
Swyre Barrow ....sccscees oes 65 13 3:°050 | 5:25444357 || 179656+77 | 34-0 
| 180 0 5°513 
Wingreen oceccerccceceseeees 50 32 62-233 | 5-31820151 || 208066-19 | 39-4 
3 | Swyre Barrow cessccseseoeeee 89 42 43°249 | 5+39683883 | 249366-92 | 47-2 || —o84- 
DunnOSC.eceeeersrceseeceres 33 44 21-297 | 514145421 | 138501-42 | 26-2 
180 0 6779 
Wingreen we seeccsssseesesees || 31 58 21-912 | 5-14802983 | 14061441 | 26-6 
4 | Dunnose.....secves veiseGa Voie 78 8 22-690 | 5+41478671 || 259888-29 | 49-2 || —o-44 
Butset Hill cscccsdscicscscces 69 53 23-471 | 5-39683884 || 249366-92 | 44-2 
180 0 8-073 
Winegreen TEETESTTETE LETT TT rrr 42 39 15-982 5°24621308 - 176284:08 39.4 
g | Butser Hill ......ceees ee 5° 1 37:335 | 5*29968295 || 199380-62 | 37-8 || —rega 
Inkpen .scccsrseccrvessvcceeves 87 19 14:942 | 541478671 |} 259888-29 | 49-2 


PRINCIPAL TRIANGULATION. 


FIGURE 14—continued. 




















180 o 8-259 





Distances in 








ES a S SR ay 








TRIANGLES. 


igure 15—continued. 


























Names of Stations. Corrected Angles, Log. Distances. 





Mendip ..ecccseee deisiswen sees . aa 46 9-889 5°2996 8295 

A WARSTECN: seviesediccivecansoce 97 O 3291 | 540127580 

INEGI. wes sswaerveieutetaseacis 31 13 52-946 | 5-11926316 
180 © 6-126 

Winereen .....ccccceoes errer 7I 51 45°342 | 5°22760874 

| Mendip ..... Dsaseanewseceasase Go 21 53-891 | 5+1888 5754 

MMC HU, a csiesscetonseesiaves 47 46 25-311 | 5:11926316 

180 0 4544] . 

WiIngrcen ..scccccssesssveeeers 45 51 52°656 | 5-26402736 

Dunmose, cecccscccccscessccccecs gr 8 61-672 | 5-12181566 

Coringdon ...sescsececesveevees 102 59 11-245 | 5+39683884 
0 5°573 

WInGreen secsecsccecsscevcnes . 41 17 5-510 | 5:26367907 

| Dunm0se......cccccccceccsenss - 22% 25 23+334 | 502569162 

Dean ul sicissesessssedsveces I16 17 35-262 | 5°39683884 
180 0 4-106 

COMNGCON astaeedeseaaceenes 74 IL 33-776 | 5°37864326 

Dunn080....-sceceeeessereees aus 58 9 47-605 | 532457447 

Beacon Hill ...... ere eee 47 38 47+396 | 5:26402736 
: 180 0 8-997 

Coringdon .....scscscceceees ah 44,13 4+158 | 5-27048029 

Beacon Hill .....cceseeee err 83 36 33-925 | 542430467 

Butser Hill ....... eveccceees ‘ 52 10 31-118 593245 7447 
180 0 9-201 

Swyre Barrow ..sseccseceess . 66 23 6-841 | 5+37864326 

DUNNOSC. os scecsecorserscvercers 60 45 7-230 | 5*35739586 

Beacon Hill ....ecccccseeseeee |] 52 51 56-142 | 5-31820151 
180 0 10-213 

Swyre Barrow .....sccecssees 55 13 5°825 | 5:26367907 

Dunn0se.cocscescsveervveccccees 56 9 44-631 | 526856279 

Dean: Ful sisescsesesssavaesans 68 37 17-005 | 531820151 
180 0 7-461 

Coringdon .cccescessscasee seers | 63 10 6+859 | 5-26367907 

DUNNOSC ss tessiedecgesiessiaes ‘ 53 34 25:007 | 5-21873952 

Dean Fl ssstssvcceus ‘ 63 15 34°514 | 5:26402736 
180 0 6-380 

DUBOSC x evesinninnsaecaveseasiens 51 7 36-757 | 5-27048029 

Butser Hill. cssvscsvveveateuss 92% 54 42-872 | 5-37864326 

Beacon Hill ........ sececsioves 35 57 46-529 | 5-14802983 
} 180 0 6-158 

Butser Hi] | 27 0 19-93 193072228 

AL: seeeaiebaaeivs saaawts 3.1 4:9307 233 

saree I oceess cvsesevessegll 69 51 47°048 Mergers 

TK PCN ceosescesecvendscscceces 83. 7 58-529 | 5+27048029 


180 0 3-510 





Distances in 


199380-62 


25192763 
131602-20 


168891-+87 


154474-76 
13 1602-20 


183665-41 
132377°95 
2.49366-92 


18351817 
106094-20 
2.49306-92 


2.39135°07 
QIII41-92 
183665+41 


18641476 
265646+85 
QILIAI-92 


2.39135°07 
2WITL729 
208066-19 


183518614 


185593°51 
2.08066-19 


183518-17 
105477°72 


183365-41 


186414-76 


239135°07 
140614-41 


85255769 
176284-08 
186414-76 


Miles, 


shores neens, | eeaentemeemeesermee | | epee eer ere 





‘Supplementary. 


+ 3:56 


0-45 


+416 


+-0:70 


+0-87 | 


— 3.26 | 


+2°39 





PRINCIPAL ‘TRIANGULATION. 


FIGURE 15—continued. 


| 


| Corrected Angles. 








Wingreen ..ccsccscccvcsseevess "4. 34 37-894 
DiUMMOSOsisicacas exes scehwbccess 44. 22% 22-618 
Inkpen ..ccccscscsvececcveseece 61 © 10-765 
180 Oo 11-297 

DUnn0Se...ccccccccsccvesecesces 55 42 59°356 
Butser Hill ...coccovcsscsoees | 76 12 8-199 
Dean Hill ....cscccossovecceces | 48 4 57-461 
180 oO 5-016 

Butser-Fill) eccdsewegaveansees| 43 42 52°607 
Dea Hall icsscvevssisnevsianns { 76 44 3-916 
Inkpen secscscocossecscecsveecs | £9 32 7-982 
180 0 4:475 

Winarcen ..cccesccseccccseenes | 44 54 18-677 
Mendip ....sccccccsecssesseeees 49 42 50-116 
Westbury Down .......seeee 85 22 53-408 
| 180 0 2-201 | 
Mendip .occcscsrecvsccvecseeees 36 36 57-862 
Wingreen .cccseescevsevesevens OO JF W471 
Beacon Hill ...csscccseeeseees 43 16 3-156 
180 0 3-490 

MNGi) ssrcsccsorsceceeessusces Q 30 40-403 
Malk TAIL. cis secesscasevaescses 124 29 30-739 
Upcot Down .eerccsescsreveee , 45 59 50-129 
| 180 O 1-271 

Mendip) sssscscsseenceone reer | 20 9 44-178 
Westbury Down ......0. veoe || 142 58 54°366 
Upcot Down .......sccvccevees 16-51 22-918 
180 oO 1-462 

Pillesdon cecsccescesees rere 39 25 29-705 
NV PLCC: passe asetseataaserss 8I 2 55549 
Coringdon COKKSeeesseseseeesees 59 31 40°273 : 
180 O 5°527 

Dean: Fill scscecscccessesvesees 83 44 1-816. 


28 18 22-599 


{ikea cavnns I29 2 9:920 
DUNNE ia tsvinscessicrsieascee “21 51% 60-012 
Blackdowne...ccccsssecsssceces 29 5 55:488 

180 0 5-420 
Horton’s Gazebo ~.......00800. 46 33 45-948 
Blackdown......sccsscessess wee | 40 31 32-179 
Swyre Barrow .scccsccssscess 92 54 44°398 


180 O 2525 








67 57 39-614 
180 0 4:029 


Log. Distances. 


5°4391 8596 
572996 8295 
5°3968 3883 


509747929 
52.462 1308 


5°1935 1096 


4:96943936 
500309963 
511926316 


5.0588 8866 
52765 1198 
5°11926316 


4-5888 0754 
5°2867 3225 
5*22.760874, 


5:0444 9801 
5+2867 3225 
4°96943937 


51218 1566 
5°3136 7885 


5°2544.4357. 


5*29403115 . 


497257616 
5°2636 7907 


5°49740321-. 


5°1781 7534 


529403115. 


5:0397 4802. 


499159601 
517817534 


 140614-41 


 LI4521°93 
- 189021-84 
131602°20 |. 


11078935 


196802-95 
93880-66 | 





-314342-58 
15072155 | 


Feet. 


274907°11 
199380-62 
249306-92 


156138-85 
183518-17 


125163°10 
176284-08 
156138-85 


9320503 
100716-27 
131602-20 


38797840 
193522-852 
168891-866 


19352285 
93205°03 


-132377°95 | 
.205910-67 | 
1796 56°77 | 


183518-17 


196802-75 


-109584+22 | 


-98063-19 
150721°55 


Distances in 














Supplementary. 


Error of 
A 


i 


— 1°23 


— 1°35 


+4:95 | 


—1-18 | 


+461 





Supplementary. 


33 


- 0432 | 


33 


930 





TRIANGLES. 


FIGURE 15—continued. 











180 O I-5a4r 


Names of Stations, Corrected Angles. | Log, Distances. 
Horton’s Gazebo cecsccceceee 60 25 37-086 511876983 
Blackdownseeesssscsevccescvees 33 51 10-006 | 4:92528768 
Coringdon .rccrececeeseseee || 85 43 15-504 | 5°17817534 

180 0 2-596 
Blackdown....secccscssessseces 6 40 22-173 | 4-4141 3568 
Coringdon ...... saealecmealaaics 29 23 11-592 | 5:03974801 
Swyre Barrow ..sssscevecoees 143 56 26:629 | 5-11876983 
180 0 0-394 
Horton’s Gazebo .r.seccseeee 85 31 58-766 | 5:02569162 
Dean Fill ....ccccsscsscccevere 32 33 33-446 | 4°75793270 
Wingreen .eccoccocseccccverers O61 54 29-049 | 4:97257616 
180 O 1-261 
Blackdown....ssceesssceree “sae 20 13 39-547 | 5:04667169 
Barrow Hill ..... stesisonseoese 8I 42 55-049 | 5°50336687 
Ryder’s Hill ....secsccsecevens 48 3 33-592 | 549842221 
180 0 8-168 
Blackdown... .sccsssevevceseese Il 53 59:297 | 4:85180849 
Ryder’s Hill ..... siewastewe I0O 31 56-080 | 5°5301 5693 
High Wilhays ..ccssccsseee | 67 34 9-863 | 5°5033 6687 
180 O 5+240 , 
Pillesdon  sessecsscsccccescsses 148 18 37-929 | 5:64906452 
{ High Wilhays ....cccsccscees 12 41 21-869 | 5:2703 8005 
Swyre Barrow veccccoseseveee 19 0 6-565 | 5:44130642 
180 0 6-363 
Pillesdon sabvecevesesees eters r 133 24. I2-I4. 56225 8805 
Ryder’s ELUM: ss vaGuedscstvevee ‘ 18 50 18-766 5 +2703 8005 
Swyre Barrow .ecsecsceeevecs 27 45 39-657 | 5°42949205 
180 0 8-564 : 
Barrow Hill ....... swedaaesieds 14 18 18-654 | 4:89829760 
Pillesdon COOKER eee ORE EES ESO DES Too 17 2.2960 5°4.984.2221 
Blackdown..scccccccscscccesens 65 24 23-719 | 5:46416083 
| 180-0 5-333 | 
Dean. Hill .arccsccscoesesseoens 4% Q 11-471 | 5°23658800 
Butser Hill ......e00. sveoseee || 48 18 23-694 | 5°1311 5887 || 
Nodes Beacon cesieeecovees we || 59 32 29-564 | 5°1935 1096. 
180 0 4-729 | 
Nodes Beacon ...sseceressees 29: 4785519032 
Dean Hill .0......,..ceeeseeees : a aaa Taceeies 
Southampton Caccevccsce steces 107 3 23-192 51311 5887 


ee meee ee a ere 





Distances in 


Tect. 


131452-80 
84195°27 
15074155 


25949°900 
109 584-217 
131452796 


106094+20 


57279°73. 
93880-66 


T11345°25 
318688-85 
315081-00 


71089-99 
338966-62 
318688 -85 


°445722-46 |- 
186371-73 


296252-63 


419361-01 


—-186371-73 


268838-86 


79122-06 
31508100 


— 29117951 


172420-14 
135250°73 


—-156138-85 


71045°73 - 


95616-89 
135256-73 


Miles, 





at 


°@ ||Supplementary. 


47x 


Error of 
A, 


dé 





Supplementary. 


+ 2-84 


TO-94 


+074 


= 216 


Supplementary. 


+4:18 | 


472 
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PRINCIPAL TRIANGULATION. 


FIGURE 15—continued, 


Corrected Angles. 


Nodes Beacon 82 55 10-913 








Southampton .ecssssssscsereeee 43 23 39-282 
DUNMOSC aescvoscsescoscesecee 53 41 11-625 
180 0 1-820 

DUnnOse caisevcesdevscaetenss 98 18 7-766 
Butser HL cssseassvesscons e 27 53 dd-5O5 
Nodes Beacon .......... sane 53 48 10-398 
180 0 2-669 

WInerecn: seiscesivacieswnseaces 83 51 41-022 
TNICMON: 435 Gar sduadudenesiannias 43 56 35-809 
Nodes Beacon ..scssseeessere 52 11 81-338 
180 0 8-166 

Nodes Beacon ..ccccscceveces 5I 25 21-411 
Winereen YTTTTLT TTT TTT 47 18 59°105 
Swyre Barrow ....sccesecees 81 15 43-678 
180 0 4-194 

Nodes Beacon .oc.cssceeveses II 48 O-gII 
Swyre IDANTOW ° vodceaseesesicas 154 3-322 
BlacKdOWN sscccciecsestevescees I4 3 57°23 
180 0 1-465 

Nodes Beacon ..ccsceccseeese 48 54. 39-360 
WIM treen: scsccsesseciunssvenes 36 37 49-527 
Corinedon sisasesssssensenseess 94. 27 34367 
| 180 0 3-254 

Nodes Beacon ......ceceerees ! 2 30 42-052 
Swyre Barrow ....sssseeeeee | IO Il 36-693 
Coringdon ...... eueteseteasuaen | 167 17 41-396 
| 180 0 O-I4I 

Wingreen .o.cccccoeee Siduseus IO 41 9+578 
Swyre Barrow ..scccccceceees yr 4 6-984. 
Coringdon .....s.00 Laeae sees 98 14. 44-238 
180 0 0-800 

Dunn0se...cccceccees ee 53 49 45-700 
Nodes Beacon .........ceseee 6 57 23-768 
Week Down ..... dussaeeeewees IIQ 12 50-707 
| | 180 0 0-175 
Dunnose....+.. eaaewdecegseesss | 48 10 21-329 
Week Down ...cccccccsscesers | 27 39 54°765 
Boniface Down yecsserevcoenee | 107 9 43-917 


| 180 O O-OII |: 








Log. Distances, 


5:0709 8936 
4°9112 7855 
49805 3460 


52365 8800 
4°91127855 
5°14802983 


5+39949127 
5°24330893 
572996 8295 


5°1414.5421 
5°1147 2837 
52433, 0893 


5°1147 2837 


51218 1566 
5°02034295 
5°24.330893 


44141 3568 
5*0203.4295 
5*1147 2837 


4:4141 3568 
5°1218 1566 
S°L414 5427 


4:8773 7757 - 


405356865 
4°91127855 


3°9241 3940 
3*7401 5289 
4°0535 6865 


STS 
aa A a I ETE 


117757°7% 
81522+70 
95616-89 


172420-T4 
81522-70 
140614+41 


250894-58 
175109°19 
199380-62 


T38501-42 
13023 5+20 
17510919 


109584-22 
233781+53 
130235°20 


132377°95 
104795°58 
175109-19 


2594990 
104795+58 
'130235-20 


~ 25949-90 
~~ -132377°95 
 -¥38501+42 


75401-0800 


. 11312-9762 
81522698 


8397°295 
5497-344 


-11312-762 | 


14:3 | 
2-1 |; 
15-4 


1-6 
I-O | 
2X |i 











Names of Stations. 





DD GNNOSC sedsesniecneneceeiaseies 
Weels Down ceccscceces ealeeeee 
Shanklin Down .........- eats 


Dunnose....cc.cccece pscaaaees 
Nodes Beacon ..eccscccsees - 
Boniface Down ose.esscecevees 


Boniface Down .eoeees Mecwdees 
Nodes Beacon 
Week Down eevee seatateets 


eeeeueseegaeesee 


TUT OSA. avacuwcs cota ccueeviwes 
Boniface Down ..ecccscccceces 
Wroxall Down ...ccccesssvees 


DGNN0s0 ics ssaccsaseseniivedecds 
Wroxall Down ....ccccccoveee 
Shanklin Down..escsccccscces 


Dunnose  ..eeee oehicaecucawses 
Boniface Down ..... Soveueuaes 
Shanklin Down..ecccesceceees 


Boniface Down cesssececvesece 
Week Down ....ccccseece eat 
Littletown Down 


Boniface Down ...s000. poeeaey 
Wroxall Down ....ccccccccees 
Boniface Down, South East 


Boniface Down cecesecececvecs 


Boniface Down eoneences eeeees 
Littletown Down. .eccesccceee 
Boniface Down, South East 


Boniface Down, South East 
Littletown Down 


Highport Cliff, 


TRIANGLES. 


FIGURE 15—continued. 


Corrected Angles. 


° / 
4Il 21 
- 7 5 33°107 
130 47 21-262 


180 0 0-003 
TR ESE EEE EEE EDT eS IE TT SET 


99 9 7:930 
3 46 14-761 
77 313 38-313 
180 0 o-104 
29 50 5-604 
3 II 9-006 
146 52 45-471 
180 0 0-081 


16 51 32-927 
105 49 57-155 
57 27 29-920 


180 0 0-002 


69 39 54:037 
18 59 8-675 
QI 20 57-291 
180 0 0-003 























86 31 26-963 
20 46 59-275 


72% 41 33°765 
180 o 0-003 


50 36 38-900 
8 2 13-882 
I2Il 2% 7-220 


180 0 0-002 


113 14 32-375 
12 52 57-034 





53 5% 30°591 


180 oO 0-000 


52 5 25°662 
46 1 31-499 
8r 53 2-840 
180 0 o-cOr 
61 g 6-714 
22 Q 20-059 
96 41 33-227 
180 © 0-000 


78 25 67-729 


74.57 55°347 
26 35 56-925 


180 0 o-oor 
30 


Log. Distances. 


fi 
5°634 | 3°9943 9474 


3°31029796 
405356865 


4-9167 7805 
3-7401 5287 
491127855 


487737757 
3°9241 3942 
49167 7805 


3°2767 5294 
3°79784959 
3°7401 5289 


3:77002323 
331029796 
3°79784959 


3°7594.7588 
3°31029796 
3°7401 5289 


3°8807 8522 
3°13824451 
3°9241 3940 


3°3327 2617 
2:97176 9678 


3°2767 5204 


3-17819150 
3°1382.4456 
3°2767 5294 


3-08366940 
2°71769678 
3°13824456 


3°4237 3085 
3°4175 1129 
30836 6940 


Distances in 


Feet. 


Miles, 


473 


Oe ee ee — meres 9 


9871-763 
2043°139 
T1312-762 


82561°591 


5497°344 
81522-698 


75401+-080 


8397°295 
82561-5911 


1891+267 
6278-409 
5497°344 


5888-751 


2043°139 
6278-409 


5747°459 
2043:139 
5497°344 


7599 ° 504. 
1374-816 


8397°295 


—BI51+425 
522-031 
1891-267 


1507-271 
1374-816 
1891-267 


1212-465 
522-031 
1374816 


2652-961 
2615-238 
1212-465 


Supplementary, 


— 234. 


Supplementary, 


—4:51 
— 24-65, 
Supplementary. | 


— 42°98 | 


35°62 


474 PRINCIPAL TRIANGULATION. 





FIGURE 15—continued. 





No. of Names of Stations. Corrected Angles. Log. Distances. PE cand ee Error of 
A. : Feet. "| Miles. A. 
: © / dé fé 
Nodes Beacon ceccccccccscecs 2 57 44-641 3°9347 2638 8604-515 1°6 
59 Week DOWD sesssiseasis cece 150 6 33-708 | 4:91893096 || 82971-886 | 15-7 |/Supptementary. 
Boniface Down, South East 26 55 43°727 | 4:87737757 || 7401-080 | 1493 
180 0 0-096 
FIGURE 16. 
Mendip avs ritasapaccauounedsices 85 15 49°530 | 5°57766991 || 378155-06 | 71-6 
Wd Cradle: osesicstesccecss emeobee 42 55 52-585 | 5:41236684 || 258444-23 | 48-9 | —9-07 
Whitchorse Hill .......se00. 51 48 35-953 | 547454950 || 298228-75 | 50°5 | 
180 o 18-068 
Mendip .cocscccsscecccsscsveess 34 3 20-832 | 5-26738020 || 185088-83 | 35-1 | 
2 | Cradle ..ccosccee pide capewaes , 81 29 11-358 | 5°51439222 || 326882-91 | 61-9 || —0-96 
Malvern....cs.ssescesessesosons 64.27 40-649 | 5°47454950 || 298228-75 | 56-5 
180 0 12-839 
Mendip ...eseee» ovessevesecsens 51 12 28-698 | 5-41557849 || 26036254 | 49:3 
3 | Malvern....... se seeeeeeeees ae 5° 41 8-739 | 5+41236684 || 258444-23 | 48-9 || —1-20 
Whitehorse Hill eoeteeses ene 78 6 38-051 5°51439222 326882-91 61-9 : 
180 0 15+488 
Whitchorse Hill ..scscsevecs 60 22 39-897 | 5:40978719 || 256913-66 | 48.7 : 
A | Malvern....ccccccersceseceenens 57 5i 57°924. | 5°3984.0001 | 250264-94 | 47-4. |\Supplementary. | 
Arbury Hill eceeeocceceseesecs 61 45 35°501 54155 7849 260362+54. 49°3 | 
180 0 13-322 
Whitehorse Hill .....+eeee 46 43 12-389 | 5:30314247 |} 200975-20 | 38-1 
5 Arbury Hall SCH EHSHEST SESE ES EES 68 4. 58-794 5°4089 32.94. 2.56408-81 48-6 33 
Dunstable ....... spawacusawsses 65 1 59:804 | 5°39840001 | 250264-94 | 47-4 
180 o 10-987 
Whitehorse Hill ..scssseseee A7 49 63475 | 5°46425192 || 291240-60 | 55+2 
6 Cradle cccsscasssssesies oecvceee 96 24. 12°675 | 5°24236128 174727-51 | 33-1 +0-64 | 


Broadway Tower .sccccecsoeee |} tos 45 55+369 | 5°57766g991 || 378155:06 | 71-6 
180 oO II-519 


Whitehorse Hill ............ 52 16 40-849 | 5°40465519 || 253895-63 | 48-1 
4 | Dunstable ..ccccccscccccvcceees 74. 4% 31-340 | 5°49083617 |} 309625-10 | 58-6 || —1-65 | 


Leith Tower .....cce00 Perree 53 0 62-081 54089 3294. || 256408-81 | 48-6 
180 0 14-770 
Whitehorse Hill ........008. 6 22 12-"64 | 5°41262566 |} 258598-30 | 49:0 
8 | Leith Tower ........ sisasteguas . iene 4:92766546 84057°50 | 16-0 || —2-50 
Inkpen SSRs s Sawa deed osncecds I19Q 54 10-517 5-4908 3617 309625+10 58:6 
180 Oo 4464 
Whitchorse Hill ............ 56 7 35-049 | 5°40127580 | 251927-63 | 47-7 | 
g | Mendip ..ccrcceecess seevsibelseiie Ig 2 27-175 | 4°92766546 84657-50 | 16:0 |} +3:06 
Inkpen eovess CVS SCC Ee TLE Rees 84. 50 2°773 5°4123 6684 258444 +23 48+9 


180 9 4:997 


4 
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Figure 16—continued. 














ai se Names of Stations. Corrected Angles. Log. Distances. alin ia 
: Feet. 
° - 9 / 4/ Md 
Leith Tower .......... euneedws 38 34 14:749 | 5:20474992 |} 160232-25 
10 | Dunstable ..........eececeeeee 60 20 46-311 | 5+3489660r |} 223339-74 +0:80 
Epping Poorhouse ......... 8x 5 7256 | 5°40465519 || 253895-61 
180 o 8-316 
Leith Tower ......... pennants 40 47 2-631 | 5+16509373 || 146249-28 | 
1x | Epping Poorhouse ......... 45 10 45-199 | 520088075 || 158811-06 — 3°79 
Wrotham v.cccccsscessesceeees 94. 2 17-619 | 534896601 |] 223339-74 | 
180 0 5449 
Leith Tower ....s.ceeerere | 79 21 17-381 | 5+43690983 || 273470-09 | 51-8 
IZ | Dunstable ......cccccsccceceeee | 34 48 7-146 | 5-20088075 || 158811-06 | go-r |] 4-3:66 
Wrotham ....ccccsecsseecovees | 65 50 44-794 | 5°40465519 || 253895-61 | 48-4 
180 O 9-321 
Leith Tower ..s.scceeseee ovees 56 10 5-787 | 5-26884369 |} 185713-59 | 35-2 | 
13 WY TOChAIN: vvcedssacesseresccses 78 34. 13-718 5 +3407 1515 219136-72 AL*5 +- 2°86 
Berkhampstead ....... is Seeds 45 15 47-295 | 5-20088075 || 158811-06 | 30-1 
| 180 0 6-800 . 
Leith Tower .....ccscsescosece 23 Il I1+594 | 5:00421072 || 100974:27 | I9+1 
14 | Dunstable ............... ecigea 58 AI 61-0 2| 5+34071515 | 219136-72 | 41-5 || 0°26 
Berkhampstead ....seceseeeeee 98 6 52-496 | 540465519 || 253895-61 | 48-1 
180 0 54152 
Leith Tower .......s00 cadena 44. 21 39-706 | 5*12593061 || 133638-20 | 25-3 | 
15 | Wrotham .......... sevscoevers 79 27 5-428 | 5+27394406 || 187907-48 | 35-6 |[Supplementary. 
Chingford ...ccsccccscsoerseees 56 I 19-774 | 5:20088075 || 158811-06 | 30-1 
180 o 4-908 | 
Leith Tower ....sccessscsseees 8 46:6 5°0538 7480 |} 113207-39 | 21-4 
16 | Wrotham ......... se ssereeoens a8 9 - i 5-14009359 || 138068-18 | 26-1 53 
Sty Pauls :..cicsccsstesdsenssneee 77 42 12-624 | 520088075 | 158811-06 | 30-1 
180 0 3:°592 
Wrotham ........ rere isles 5 53 13-346 | 493395150 | 85891-76 | 16-3 
17 | Epping Seinen ssisidasidt : . 35 19+753 | 5:05387480 || 113207+39 | 21-4 99 
Si Pall 8 stveswesvasesssewarss 93 31 29-184 5°16509373 146249-28 DRY 
180 0 2-283 
- | Epping ag vaeccvens 72, 52 32-449 | 4:94879239 88877-61 | 16-8 
18 Ste PAU §.ohécweseecawtasertwed 39 40 18-882 4°97935 7083 59370°52 II+2 3 


Berkhampstead .....scsevevees 67 27 g-51e | 4:93395150 | 85891-76 | 16-3 


180 oO 1-146 

30 5 26-393 |. 4°71710193 || 52131-705 | 9:9 

28 38 36-544 | 4:69760379 | 49842-9560 | 9-4 ” 
| I2L 15 57-586 | 4:94879239 || 88877-613 | 16-8 

180 0 0-523 


St. Paul’s saute eiebeveses 
Ig Berkhampstead ... fcguees 
Chingford .. *eCGeetCeosaeseeeeeoes a] 


Leith Tower... 


a 28 7 34-245 | 487513762 | 75013-19 | 14-2 
20 as : oe oc ececceescccsecs 65 28 20-590 5+1606 64.32 144765:25 | 27°4 —0:08 
OF Wtesisewsn yee <ecses 86 24 4-714 | 5°20088075 || 158811-06 | 30-1 





180 ie) 2°549 
30 2 








eee ea ae aaa aetna Eee | Rees |) Ee cee | REE: | crepe ee casita 


Leith Tower <sccsisescvessscse 
Berkhampstead ....-...csesees 
SCverndroos ..rsseccescecceees 


Severndro0e ....ccsecscecees 5 
Berkhampstead .......eeseeeee 
Iepping Poorhouse 


be Toul 6) sesasseveessessceusss 
SCVCINGrOOL ...sesseaceeseeees 
Chingford ...scccccsseccrosvees 


Leith Tower ....scccccsesseres 
Berkhampstead ......seeseee ‘ 
Chingford c.ccccccssseeceecsees 


Leith Tower ..oeses va ceateseb: 
Wrotham ..ccocess Sehesseuceye 
Ditchling ...... gears Scadeses 


Leith Tower ..cccccccscscccees 
Ditchling 
Butser 


eatesteaeeseeeteaeosenevers 


Leith Tower ....ccceees peewee 
Inkpen ..cccscsccsccccesesacecs 
Butser 


@eeeceseeoeusea seeseeeseess 


Ditchling ..scccccccccceseccees 
AV rOthiann:-seciseecaeiasesesiene 
Fairlight eevenooe “oosevecoece oe 


Ditchling ......000 or ereveseee 
Fairlight ..sccsess Serre 


Beachy Head..esescocsecssees 


Ditchling 
Butser 
DunmoSe...eecsccecs Seeuiuguen es 


eaeeeeeseeaeaetteseeees 


eeeeeCeeeseeeseeeeseseanes 


eeopesctoevoeenpseeoeeaetese 


TDUNOSCsssnccseseboceterwcesese 





S8oFeeeesesseneecceesee * 





PRINCIPAL TRIANGULATION, 


FIGURE 16—continued, 


Corrected Angles. 


28 a 31-541 
36 40 54°52 


115 16 37°445 
180 0 3-508 


30 56 17-063 
49 38 58-073 


89 16 
51 43 
be 
180 oO 
11 48 


47 31 
I20 40 


36 42 
IOI 20 


180 oO 


62 8 
56 36 


180 oOo 


32 25 
33 47 
113 46 
180 oO 


99 24 46-076 
180 oO 


1-212 
4°203 
20-649 
357617 
0-469 
26-081 
19°625 
16°276 





1-982 


33°652 
26-979 
3-648 
4°279 
57°52 
3-021 
3-811 
4°334 
28-702 
38-821 
58-887 
6-410 
32-926 
59°427 


61 14 33-806 


6-159 
23-862 
53°353 
44°447 

2-162 


30 2 52-835 


103 36 56-497 
46 20 17-199 


180 0 6-531 


122 59 3708 


14360 40-177 
42 2d. 21-613 


180 0 5:498 


5°0566 2801 
5:1606 6432 
5°3407 1515 


4°7735 7083 
4:94.45 2493 
5:0566 2801 


4:8026 8862 


4:69760379 
4:6016 8807 


4°71710193 
5*27394406 
5°3407 1515 


5°2463 2215 
5:0688 3549 
52008 8075 


530782811 
5°1977 3428 
50688 3549 


5:2462 1308 


5°1977 3428 
5*4126 2566 


5°24999568 
5°22517749 
5°2403 2215 


4°99300490 
5:0089 8878 


5°22517749 


5:14802983 
5+4360 5920 
5°3078 2811 


5°5308 2975 
5:0089 8878 
5°43605920 


113927°35 
144765°25 
219136-72 


59370°52 
88008-56 


113927°35 


63487-557 
49842-956 
39965°759 


52131+70 
187907-48 
219136-72 


176328-35 
TI7I75*14 
158811-06 


203155-28 
157664-63 
T17175°14 


176284:08 
15766463 
2.58598-30 


177826°17 
167949-03 
176328-35 


98402+22 
102091-+31 
167949-03 


140614+41 
2.72934-98 
203155+28 


339492-16 
1020Q1°31 


27 2934-98 





Supplementary. 


—IeIl | 


+ 3°09 | 


+0:49 


—J-Il | 


—0-86 





—2-49 | 


2-87 | 


> enrainnt es, 
Ean y sir ate Wake ei 





LL | ES | Fe eS | AA ics | | eis | iateruessyrastssshesrenas | suteisinnn/ his tssyPetsis yin 


99980-47 


33 


34 


35 


36 


37 


38 


39 


40 


AI 


TRIANGLES. 


FiGuRE 16—continued. 


Leith Tower ....ccccccscccscce 


Wrotham. ....cccscscsnseccseces 53 56 18-495 
Crowborough......secccscecees 87 6 14357 
180 0 3-019 

Leith Tower ......ccccsees bias 38 51 3-484 
Ditching: Assasenraseveweuere 78 2% 57+965 
Crowborough.......scecseeeees 63 6 0-773 
180 0 2-222 

Ditchling .......6. seegbexaeces 45 46 38-608 
Fairlight ....... stnsumaveseres 28 8 2-183 
Crowborough..+.cceressssecees 106 5 21-542 
| 180 0 2-333 


SEVEINArOON ceeessesseoeseveee || 118 
Chingford ...cccsscosveseee soos | 35 
Banstead .sescseseeeee ee : 26 

180 
SEVCINALOOL seoceesesees sevcee- || 66 


St. Pau)’s CCC SCH eeeEEeeeeEeDeEE 





Banstead ...sccccrovevccencece 28 37 6-006 
180 0 0O-416 

Severndroos ....scccvecvees ove |] 140 15 54-211 
Epping Poorhouse......... ss 19 16 29-633 
Banstead ....... asseeeson seus 20 27 37+250 
180 © J-100 

Severndroom weccrscecscssoveee 55 15 15:610 
Banstead  .cccsscsvcccsscsecees 63 12 14:903 
Hanger Hill Tower ......... || 61 32 30-842 
180 0 1-355 

Severndroog ...... secenueee os 61 12 15-907 
Leith Tower ...sccccccosscssce 35 22 58-725 
Hanger Hill Tower ....... ‘i 83 24 47-886 
{180 O 2-518 

Dts PAWS pesscacagesasiwesaees 74. 5 41-232 
Banstead. casiecacsnesesswenoset 34 35 8-897 
Hanger Hill Tower ....s000. 41 19 10-664 
180 0 0-793 

Leith Tower ....sseccceceeeees 63 30 32-971 
MVTOUNARE souieesashiwsesasaies 43 - ete 
Hanger Hill Tower ......... 68 11 40-200 
| 180 0 4:270 


Corrected Angles. 


fo] / dé 
38 57 30-167 


I2 39-105 
28 25-627 
18 56-362 
Oo I-:094 


29 18-456 


84. 53 30-254 


Log. Distances. 


4°9999 1518 
5°1090 5273 
5+2.008 8075 


4-91604035 
5+1090 5273 
5:0688 3549 


5-0978 2678 
4°91604035 
5°22517749 


51010 5835 
4:9196 5088 
4:8026 8862 


48837 3766 
4+9196 5088 
460168807 


520666918 
4:9196 5088 
4°9445 2493 


489028797 
4°92624504 
4:9196 5088 


510621418 


492624594 
516066432 


4-89028797 
4°66131314 
48837 3766 


5+18494705 
§-10621418 
5°2008 807 5 


| 
: 
| 
| 
| 
| 
| 
! 


1 
i 


Distances in 


128544°27 
158811-06 


82421+47 
128544°27 
TI7175°14 


125264°14 
82421-47 
167949-03 


126199-71 
83 109-54 
63487-56 


76513-428 
83109-539 
39965°759 


160941-+92 
8310954. 
8800856 


7767620 
84381-25 
83109:54 


127706-84 
84381-25 
144765-25 


77676+200 
45847 +234 
76513°428 


153090°29 
127706-84. 
158811-06 


477 


Error of 





Suppiementary. 


— 3929 


Supplementary. 


33 


—1-54 


— 2:07 


Supplementary. 


—O- 71 


42 


43 
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Names of Stations, 





Leith Tower ........ wivebeecce 


Hanger Hill Tower 


Banstead 


Banstead 


Leith Tower .eccccccccccccvces 


St. Ann’s 


WEVEPNGTOOS: .cstetacsadcoswces 
Leith Tower .....0-s.sersneses 


St. Ann’s 


SEVErNdroom ....seseeeere anes 
Hanger Hill Tower ...... vee 


St. Ann’s 


Hanger Hill Tower 


St. Ann’s 


Hampton Poorhouse ......... 


Hanger Hill Tower 


Banstead 


Hampton Poorhouse......... 


Hanger Hill Tower 


Banstead 


Kine’s Arbour 


Hanger Hill Tower ......... 


St. Ann’s 


Hanger Hill Tower . 
Hampton Poorhouse......... 


Kine’s Arbour 


Severndroog 
Iepping Poorhouse............ 
Greenwich Transit 


Severndroo0g .....scscoseseses 


Chingford 


Greenwich Transit 


S®estereaeae 


seeeeeace @eeeceoae ev eee eae 


etteesed eeceveeeeeee se 


eseeeeeeeeseeseetese eens 


eeeoevpes @easeees eee 


@eeaeveee eeceseecesseesces 


es@eeeseese 


eetvesceeeeseevesteteees 


eeeeseeeove 


eeeseseaeestaetceoeteaaesesesee 


etesetstece 
setoee COGS Ret Gee eee 


SPeeesseseeestevaveesass 


eee Ce eseeteseae 


Seveeeeteceeveceens 


Seeeeteoesseteereseonces 


FIGURE 16—continued. 


Corrected Angles, 


ay 29 6.142 
21 52 17-043 


130 38 37-684 
180 0 a-869 


77 37 58-941 
58 17 57°632 


44 4 4532 


180 O I-105 


36 24 45+324 


66 Il 50-215 


77 23 -27°204 
180 0 2-743 


24. 47 30-583 
124 18 30-117 


3° 54 0-429 


180 0 +129 


25 3 54:009 
25 34 1-760 


129 22 4°495 
180 0 0-264 


37 42 5265 
26 28 2-629 


115 49 52-536 
180 0 0-430 


79 44 45-018 
27 45 4321 
7% 30 11-343 


180 o 0-682 





16 58 45-743 
18 44 50-548 


144 16 23-888 
180 0 O-1479 


42 % 39-753 
67 55 31:052 
7O I 49-425 


180 0 0+230 


83 6 26-482 
9 32 48-384 


87 20 45-434 
180 0 0300 


6X 3 11-377 
12 46 13-449 
106 10 35+365 


180 Oo O-I9I | 


Log. Distances, 


489028797 
4°7972 5499 
5*1062 1418 


4°9447 5557 
4°8847 8149 
4°7972 5490 


4:94.47 5557 
5+1326 5942 
5+16066432 


4:8382 1699 
571326 5942 
4°92624594 


4°57699033 
4+5850 3696 
4°8382 1699 


472243576 
45850 3696 
489028797 


4*9038 6836 
4°5789 0399 
4+8902 8797 


4°53728700 
457890399 
4:8382 1699 


4:4378 5141 
4+5789 0399 
4°5850 3696 


4:94.18 4086 
4*1647 1235 
49445 2493 


4°7622 7507 
4°1647 1235 
4°8026 8862 


Distances in 


Feet. 


77676+20 
62698-17 
127706:84 


88055-31 | 


76697+5 
piecnae 


88055-31 
135724:87 
144705°25 


68899-65 | 


135724°87 
84381-25 


37756°378 
38462-452 
68899-646 


52775'914 
38462-452 
77676 +200 


80143 +509 
37923°113 
97676+200 


34457°757 
3/923°%13 
68899-646 


27406-363 
37923°113 
38462-452 


87466+320 
14612-0901 
88008 +564. 


57846 -232 
14612-091 


63487-557 


Miles. 





+4232 | 


Supplementary. | 


+291 


Supplementary. 





‘II 


Names of Stations. 


Kippure... 


Knockaunaffrin 





eeoseeeesseeeteeecaaeeese 


Ballycreen...... seaaviewealecucs 


Knockanaftrin 


Ballycreen 
Forth....0. 


Tara 


Kippure... 


See eeCeceoreseoseoeeeese 


eaeceeseseouegvereeaeee 
eaevecaesenveegaeeetene 


eoeoeve see eoor ee eeeane 


Snowdon sececcee ecikeeee etek: 


TATR secess 


Kippure... 
Snowdon 
Precelly ... 


Snowdon ... 


Precelly ... 
Ballycreen 


Tara .ecocs 


Precelly ... 


@eeeesd CeCe oveeeueeesee 


eoeseseeeeee eR eat eeseee 


eeeeeeceeeaeeeeot eeeee 


eeeeeeoen tess eeeen 


eevee ee 


eeeoeenvee 08 Saeevegeeuec 


KXceper orcesecceersceceeevceoes 


Croghan... 


Mount Leinster. .csoccecsevess 


Knockanaffrin ...ccccsccesees 


Mount Leinster......ees fees 


Precelly ... 


ara 


eeeeeseueesd @eeou bse Peeve 


Mount Leinster.......0.. ‘ees 


Keeper .,, 


Mount Leinster 


Ballycreen 


Pesesnecreeseesesecae 


TRIANGLES. 


FIGURE 17. 


Corrected Angles. 


36 23 10-741 
9 9 25°023 


134 27 29-QO1 
180 0 5-665 


37 58 23-372 
38 49 52-261 


103 II 56-090 
| 180 © 11-723 


17 31 18-091 
33 40 32-610 


128 48 11-831 
180 0 2-532 


78 1 59-597 
20 35 4-862 


Bt 23 15-751 


180 0 20-210 





48 2 54-992 
74.27 19-862 


57 3° 34+502 
180 0 49-356 


63 38 60-816 
64. 54 35-070 
51 27 10-984 


180 0 46-870 


79 14 23-858 
79 4 28-934 


21 41 22-825 
180 0 15-617 


53 20 43°282 
67 54. 36-021 
58 44. 59903 


180 0 19-206 


31 19 43-782 
68 23 1-926 


80 17 20-310 
180 0 6-018 


1T 3% 34°529 
127 4 58-019 


41 22 37-664 


180 Oo 10-212 


16 5% 3+242 


120 42 47-111 
42 25 19-241 


1800 9-594 


Log. Distances. 


5°5498 6094 
49783 9889 
563020198 


5°3505 5683 
5°3587 6256 
575498 6094 


4:93750691 
520274214 
5°3.505 5083 


5-6918 0902 
5°2473 5469 
569642725 


5+6417 4764 
5°7541 8108 
5*6964.2725 


5+7008 53.54 
5°7954.5341 
5:6417 4764 


5+45880531 
5°5213 9060 
5°4864.1948 


50809 8507 
5°3333.5974 
5°3587 6256 


51083 7107 
5°70903518 
56273 5616 


5°1549 7676 
5°6267 2955 
5°5213 9060 


Distances in 


Peet. 


Miles, 


eee fee 
eat 


354699-80 
95147-83 
426777 +96 


2.24.159+34 
2.28434+96 
354699-80 


86597-81 
159493°19 
224.159°34. 


491823-21 
176748-07 
497081-10 


438275°95 
56778129 
497081-10 


502173-21 
507 520-29 
438275+95 


423990-54 
42375034 
159493°19 


(287610-88 
332193°99 
306492-24 


12049945 
215450-57 
22843495 


128342-67 
511723 +29 
4.23999°53 


14.2881-75 
423379°23 
332193°99 


+1:56 | 
— 8-16 | 


+ 10:15 


Supplementary. 


+4-0-20 | 


Supplementary. 


. 93 





IZ 


13 


14 


15 


16 


PRINCIPAL TRIANGULATION. 


Names of Stations. 


Snowdon ... 
Precelly ...... 


Cradle 


Snowdon ... 


Cradle 


Precelly ..... 
Snowdon ... 
Cader Idris... 


Cradle 
Longmount 
Cader Idris 


Precelly ...++ | 
Snowdon ... 


Plynlimmon 


Cradle 
Longmount 
Plynlimmon 


Snowdon ... 


Longmount 


Cyrn-y-Brain 


Lonemount . 


s#eeees 


eeesese 





eeeeeeC eee Seseeee se 


Longmount ..ocecee seccreene 


eeeeuees eeaetseseves 


Seaeesteseeseeeseeeeees 


eeseeaeereeaee as sees 


eeaCeteseeseesesese 


Seeeceseaeeaestisesese 


easpeoescaeeseaes eae eaes sees 


Seeeaveeseeeeeevess 


eeoeveneseeee4e00eee 8 


eeesteaeseat eeeevaes 


Cyrn-y-Brain.......sccceceeeee 


Mowcopt ... 


Longmount 


*eeoceeeseaeneesetese 


Cyrn-y-Brain....scccsseecseoes 


AXCAGE coves 


Whittle ...... 


Holme Moss 


Stetesteservtsessoses 


#eeeaesestesaesseseves 


Cyrn-y-Brain seecccccssceees 


Cradle 


Longmount 


Malvern eres. 


eveeeeeten Peeseeee 
eeeeeseeetoavescesene 


See Feereseaseecacenane 


FIGURE 17—continued., 





Corrected Angles, 


48 58 18-059 
68 30 39-049 
62 31 38-628 


180 0 35°736 


27 5 35:019 
42 2% 55°895 


110 51 45+303 
180 o 16-214 


14 17 35-850 
36 29 17-341 


129 13 15-368 
180 0 8-559 


47 23 2-012 
89 9 9+496 
43 37 1-079 


180 0 12-587 





28 33 59°798 
37 39 11-932 
113 47 2-688 


180 o 14-418 


5% 5% 21-599 
67 22 19-829 


59 45 28-625 
180 © 10-053 


32 11 18-332 
33 17 31-998 


114 31 17-872 


180 o 8-202 


55 8 5923 


76 55 55:640 
47 56 7-855 


180 o 9-418 


59 II 13-019 
84. 16 19-264 


36 32 40-272 
180 0 12°555 


102 1 58-344 
61 52 7-841 
16 6 0-466 


180 0 6-651 


57 14 32-787 


5I 29 20-618 


180 o 8-200 


Log. Distances, 


-57129508 
66242412 
64174764. 


5 
w) 
5 


5°35927579 
5°5177 7889 
566242412 


5°1450 7372 
5+5268 5968 
5°64174764 


5°3783 5517 
551147454 
5°35027579 


5°3 
ee 


5°31542799 
5°3799 2352 
5°3592 7579 


5°28530600 
5°2983 1997 
5°5177 7889 


5°3287 5363 
5°4032 8240 
5:2853 0600 


5°4443 8327 
5 +5082 9985 
5+28530600 


5°5267 9449 
5+4818 4452 
4:97940219 


5°2986 8196 
5-2673 8020 
5°359% 7579 





Distances in 

Feet. Miles. 
37264481 | 70-6 
459646-67 | 87-1 
438275°95 | 83:0 
22AOT4*32 | 42-4 
329441-94. | 62-4 
459946-67 | 87-1 
139660-54 | 26-5 
336402-86 | 63-7 
438275-95 | 83-0 
238976-49 | 45:3 
324694-21 | 61-5 
22A4014°32 | 42-4 
229013°43 | 43°4 
29257171 | 55-4 
438275°95 | 83-0 
20674166 | 39-2 
43934454 | 45:3 
224014°32 | 4204 
192888-35 | 36-5 
198755°87 | 37:6 
329441-94 | 62-4 
213183+52 | 40-4 
253094°32 | 47°9 
192888-35 | 36°5 
278216-75 | 526% 
322329+35 | 61-0 
192888-35 3655 
330352°37 | 63°7 
303280+52 | 57°4 
95367°89 | 18-1 
198921-61 | 37-7 
185088-83 | 35-1 
224014932 | 42-4 





39 


33 


+2914 


+017 


+-6-67 | 


Sapplementary. } 





henner teen QQ ee SOOO 





24. 


25 


26 


27 


28 


29 


30 


31 





Names of Stations, 





Longmount csscscscses sehen 
Malvern....... so eeeeeecseeseses 


Bardon Hill .icccccccccccceces 


Axedge @thesecea @esgeevseeseeves @use 
Mowcopt ....scssesseceecsers , 
Bardon Hill ....... ‘eueieteese 
Cradle epteeseoteceeoaeoeeoes eeeoee 
Malvern ...ccsccescecees dawson 


Broadway Tower ceccossseers 


Malvermécicscicssccsccen Wavaeee 
Broadway Tower ...ccoscsees 
Arbury Hill SCP eeoseeneeeaeeede 


Broadway Tower ....cccsvees 
Arbury Hill ......ccccessvees 
Bardon Hill ..sccscscesesveess 


TRIANGLES. 


FIGURE 17—continued.- ' 


Corrected Angles. 


6 f ‘i 
6428 51-771 
81 10 23-507 
34 20 59°428 


180 ©o 14-706 


89 59 46-047 
72 54. 18-808 


I7 5 59*120 
180 0 3:975 


12 9 6-098 
148 23 39-068 


1Q 27 17°593 


180 0 2-669 


24.37 8-244 


137 26 52-673 


17 56 2-029 
180 0 2-944 


37 51 52°743 
I0Q 34 21+528 


32 33 52-058 
180 0 6-329 


Log. Distances. 


5°5026 4454 
5°5420 5398 
5°2986 8196 


5+3896 6423 
5°3799 3940 
4:85805603 


506810241 
5°4642 5192 
5 +2673 8020 


5°19936712 
5°4097 8719 
506810241 


525641148 
5°4425 4429 
5°1993 6712 





Whittle Hill TERULELIVITTT TTT 
Holme Moss ....cccccecees Sarat 
Delamere, New .eccesess vouuae 


Whittle Hill eoaeteeeseeeteaeececoe 
Mowcopt ...+00 oo svreeecesens 
Delamere, NCw...sccccvvcseee 


THolme Moss ..cccssscevsaceces 
Mowcopt ......seees. sebalieans 
Delamere, New ....eocssoeeees 


Mowcopt ecoeveectTboengeeuesseee 
Cyrn-y-Brain eeessece eveocerecne 
Delamere, IN GW ssncaweseesesss 


90 21 44-159 
62 37 15-688 


27 1 4-339 


180 O 4-179 


32 51 50°459 
65 54 19:862 


81 13 54°479 
180 o 4-800 


31 46 25-880 
94 © 48-410 


54 12 50-147 
180 0 4:437 


27 57 28657 
24 15 21-157 


127 47 12-790 


180 0 2-604. 





532208677 
5°2704.9915 
4°9794.0219 


504460228 
5*2704.9915 
5°3049 3411 


5-04460228 


5°32208677 
523,22 8182 


5°1019 6883 
5:04460228 
5°3287 5362 





37 


Distances in 


Feet. 


318159-24 
348380-62 
198921-61 


9.4,5281+18 


243444415 
72,120-05 


116977+52 
291240-60 
185088-83 


158258-53 
256913:66 


116977+52 


180472-68 
2.97041 +16 
158258-53 


2.09935°93 
186422-85 


"95367-89 


TIO8 15-95 
186422:85 
2.01829-25 


L10815:95 
299935°93 
170718+99 


126464:56 
IIO815-95 
213183-51 


Miles. 


39°8 
35°3 
18-1 


21-0 
35°3 
38-2, 


21-0 
39:8 
32°3 


23:9 
21-0 
40-4 





Error of 
A. 


—4°13 


+0-75 | 


+0-38 


+211 


Supplementary. | 


+6-85 | 


Supplementary, | 


—0°07 








482. PRINCIPAL TRIANGULATION. 
FIGURE 17—continued. 
Distances in 
a Names of Stations. Corrected Angles. | Log. Distances. : — aie crt Ns 
o é fi s _ | | - ie 
Delamere ...ccscsceses ‘saunas 43 7 32-762 | 4-9888 9949. || 97476-40 | 18-5 
3% | Cyrn-y-Brain...sscccesesseeses 74 23 22274 | 5-13977510 || 13733306 | 26-0 |iSupplementary. 
| Garregm ...cccseceesssesees eee 62 29 7°955 | 510196883 || 126464-56 | 24-0 
180 0 2791 
Cyrn-y-Brain.....+.. disecaunis 69 54 3:057 | 5-27627147 || 188917-19 | 35:8 
33 | Snowdon ose sopageacesens 28 58 60-169 | 4:98889949 || 97476-40 | 18-5 3 
Garrey .essceees Sasunaeasucdine 81 6 61-052 | 5-29831997 || 198755-87 | 37:6. 
180 0 4-278 
Cyrn-y-Brain.....seccssseesess 92 33 290°577 | 522743148 || 168822-95 | 32:0 
GATTO <cisevesssickas Suaseeeeoes 52 12% 86+343 | 5+12566706 || 133557°12 | 253 35 
AXTONIG cecceeeooee eeamees seis 35 13 37°137 | 4-98889949 9747640 | 18-5 
180 0 3:057 | 
Cyrn-y-Brain...cccesocsssesess 52 21 12727 | §-0924.7234 || 12372924.) 23+4 
AITONIG ccececssseeecseeones veee f] §=68 55 20-490 | 516378617 || 145809-62 | 27-6 29 
Llanelian c.sscesoccscceceeceee 58 43 30-408 | 5-12566706 || 133557°12 | 25°3 
180 0 3-625 
Cyrn-y-Brain..vescccssoveeeees 40 12 16-850 497836909 95141-30 | 18-0 
Garree ...68. iedcawaseeewer ines 98 23 31-164 | 5°16378617 || 145809-62 | 27-6 ae 
Llanelian .reaserrsesesoseseese AI 24. 14:144 | 4°9888 9949 97476+40 | 18-5 
| 180 O 2-158 
Cyrn-y-Brain.secosseseccsecees 7 56 63-3908 | 4:54114933 || 34765-568| 6-6 
DANCHAN. ‘sacaeesssecseussesse ; 27 30 35-233 | 5:06479815 || 116090-893 | 22-0 ” 
Moelfre Issa ....scesceeseovese || 144 32° 21-920 | 5-16378617 | 145809617 | 27-6 
180 0 o-5sI 
Garree cesseees gsicneese eer 34 18 40-628 | 488724329 || 771337545 | 14:6 
Lianelian ......00 Sivuensasete 9 44 20-244 | 4:36449953 || 23147'257| 4:4 9 
GwaunysGacr...seeseees sneiien 135 56 59-420 | 4:97836909 || 95141-303 | 18-0 
180 0 0-292]  - 
GATTEE cesesecscnsevecrersveece 15 1% 25:532 | 4°58979975 || 38886-581 | 7-4. 
Lianelian ........ cee sewenodele 124. 52 8-534 | 5:08504720 ||-121631-844 | 23:0 45 
Great Ormes Head «e+... 39 55 26-648 | 4:97836909 |) 95141-303| 18-0 
180 O  O-7T4. — 
Llanclian ..sccsesesees seoevoes || I15 7 48°290 | 500020260 || 100046-661 18-9 
GWaAUNnysZacr...eresees dvweaiear 20 36 11-762 | 4:58979975 || 38886-581 | 7-4 PD 
Great Ormes Head ....s.ec 44.16 0-586 } 488724329 || 77133-545| 14:6 
180 0 0-638 | 
Great Ormes Flead  ....cees. 24 BI 15-446 4-67559342 || 49979-8251 9-0 
" GWAUNYSGAET. crseeeeeseceenene 37 42 38.400 | 4°83853260 68949-735 | 13-1 is 
Moelfre Issa ........ saliezeeaee 117 26 9-506 | 5°00020260 || 100046-661 | 18-9 
180 0...0:682.}.. .. 
Moelfre Issa .....00. Sacsestods 25° 60.834 | 4°78330866 || 60716-7712 | 1165 
Great Ormes Head ........ ot oe 46-884 | 4:24562642 || 17604-610| 3:3 » 
West End of Base............ TIO 45 22516 | 4:83853260 || 68949-735 











180 0 0-234 

















TRIANGLES, | 


FIGURE 17—continued. 


3P 2 





Distances in 


483 








Names of Stations, Corrected Angles. Log. Distances, ae of 
Feet. Miles, . 
Moelfre Issa ....csseee vedoues 62 6 18.679, 4-62.41 9845 42091:892 | 8-0 ‘ 
GWAUDY SEAL. .o seesceccesesece 21 40 21-924 | 4°24562642 || 17604:610 | 3-3 || +6-60 
West lind of Base............ 96 19 19:777 | 467559345 | 47379-825 | 9-0 
. 180 0 0-173 | 
Moelfre Issa .......secccceeces IIQ 28 3+545 4+9300 4003 —85121-649 | 16-1 
Great Ormes Head ......... 15 41 4:695 | 442211757 || 26431+242 | 5-0 ||Supplementary. | 
Kast End of Base ......sceee 44. 50 52-133 | 4:83853260 | 68949-735 | 13+1 
180 0 0373] | 
GAVAUNYSEACI..ccereeeccseneees ll 24 13 54-614 | 4+3894.7788 |]. 24517-5906 | 4:6 
West Ind of Base.......+.. a 20 34. 3-366 | 4°32193231 || 20986-1128 | 4:0] +0-02 
Kast Find of Base .....seoe. oe |] 135 12 2105 | 4°62419845 }. 42091-892 8:0 
180 90 0-085 
Figure 18. | 
Fairlight ........ sienna ones 47 53 2952 | 5°12162477 || .132319-78 | 25-1 
W POthODD ~ssaunscspeannauvexene 46 37 57-496 | 5*11285752 |] 129675+38 | 24-6 || —a-94 
Frittenfield vccscsscsccsees 85 29 3:576 5°24999568 317782617 | 33-9 
180 O 4:024 
Wawh ont. sicicccscsastenasiuces 31 34 5°384 | 4:88827416 |} 77316-85 | 14:6 | | 
Frittenfield ........ sesvescees 87 1 37-311 | 5-16876477 | 147490°-74 | 27-9 || —2-64 
Paddlesworth....cccccsescesece 61 24 19660 | 5+11285752 || 129675:38 | 24:6 
: 180 0 2355 
Beachy Head......c.es.seeeees 79 54 17-969 | 5:44218593 || 276812-65 | 52-4 
Tcith: Till. cc sccossscassenxeees 50 20 48-030 | 533540257 || 216472-42 | 41-0 || —2-Q1 | 
l'rittenficld "....ccccsecsesoees 49 45 4759 | 5°33162235 | 214596-37 | 40-6 
180 o 10-758 
Wrotham 3 roscecsccovscecerves 8 43 86-576 | 5:01039376 | 102422-12 | I9+4 
Epping Cupola .......seessee. =e Ee a 5°2043 8629 || 160098-14 | 30-3 || +070 
Danbury Spire .. Coeererecccace 63 18 19°759 i 16509372 146249-28 27°49 | 
180 0 .3+446 
Wrothat. scossisssiesesceseesc 83 28 21-903 | 5:29173176 | 195763-52 | 37:1 | 
Danbury — évadiantienwees 42 IL 9-834 | 5°12162499 |. 13231978 | 25-1 || +1-97 
Writtenhield: « cicvedissswssceses 54 20 33-214 52043 8629. i 160098-14 | 303 
180 0 4-951 , | 
Danbury Spire .......seceeeee 8 ro en. 5+163719082 | 145787-34 | 297-6 
Trrittenfield .....scsessceceees 3 36 >. 5+36369922 ! 231046-41 | 43°8 |} +5°53 
t. Peter’s LOWGE os iceecieaes 57 22 58-570 5° 29173176 | ; 195763°52 371 
180 0 6-673 | 
a ee DPIC esdwoeetadsatec 52 «7 22-869 | 5:26620760 | .184589-76 | 35:0 | 
oe eda cal eocccvscccce 46 46 19-605 5: 23145795 170395°43 32°3 — 8-58 
MUILOM LOWEL ...seccscceeees 8x 6 24-835 | 5: oka 231046-41 | 43:8 
180 0 7:309 





PRINCIPAL TRIANGULATION, 


Names of Stations. 





Danbury Spire ........ceeeoes 
Frittenfield 
Walton Tower ossccssere ae 


Frittenfield 
Walton Tower 
Paddlesworth.....cccccocseces ; 


@eeeoeevoeaetas eeeee tt 


Walton Tower ceccesccccecces 
Danbury Spire .......sseeeeee 
Norwood 


Seesceseoeeseeeeaey tes e@6 


NOrwo0d.. -siavsdussieecdseiedas 
Walton Tower ..ccccccsccvece 
St. Peter’s Church 


Danbury Spire ..ccccccsseeees 
Wrotham 
INNGEWWOOU: svscceseersssietsuscs 


Epping Cupola .eoccccssessees 
Danbury Spire ....scocscseees 
Gads Fill vcsssentisseusevecess 


Danbury Spire .....sseoe. or 
Gads Hill 
Norwood 


Sesestoaoechese Feezpeearea 


Danbury Spire ......6 ere 
Gads Hill 
Severndroog ..... piss ease eels 


* 
eesvecs @sevesceoe CBtSe8 


Danbury Spire ..... Sesiastions , 
Severndrooe cccsccsccseveseees 


Epping Cupola Coe eeeererrecee 


Severndrooe sessecssessssccees 
Gade Fall iisssccsesseiscees axe 
Wrotham .secccscssees sincasiexe 


Epping Cupola ...scccecserees 
Gads EUIL casessticssesseerssts 
St, Paul’s @eseaeseaesretResvevecece 


Figure 18—continued. 


Corrected Angles. 


° 
go 


40 
48 
180 
92 
16 
71 


180 


39 
So 


59 
180 
65 
Al 
72 
180 
52 
49 
77 


180 


56 
74 
48 
180 


41 
77 
61 


180 


39 
go 
49 
180 


35 


4.2 
102 


180 
35 
52 
gI 

180 
72 


37 
69 


180 


58 18-862 
37 57998 


24 42-985 


Oo  7:845 
31 39-901 
14 38-849 
13 46-004 
0 4°754 


29 47°5°7 
30 60-516 


59 16-925 


o 4-948 
25 3-611 
36 37-329 
58 24-656 

Oo 5:596 
38 28-180 
46 20-159 
35 15°4°7 


Oo 3:74 


16 59°534 
51 4-980 
51 57-116 
0 2-630 
5 41-960 
7 58°594 
46 21-635 
Oo 2-189 
21 54991 
55 53°997 
42 13-815 
O 2503 
29 10-989 
29 57°547 
© 53°538 
O 2-074 





10 46-416 
5° 39:875 
58 34-665 
O 0-956 
16 7+329 
53 48-908 


50 6-289 


O 2526 





Log. Distances, 


5°4178 0956 
5°2314.5795 
5°29173176 


5°4411 2305 
4°8882 7416 
5°41780957 


5:0974 5610 
528800512 


5°2314.5795 


5°26620760 


5+1296 7533 
5°28800512 


5°11494225 
5°0974 5010 
5'2043 8629 


5:0535 1464 
511814186 


50103 9376 


4°92626915 
5°0974 5610 
5°0535 1404- 


4°97342235 
5*17109837 
5°0535 1464 


4°9445 2493 
570103 9376 
5°17109837 


473420839 
4°8751 3762 
497342235 


5°1244.7598 
4°9339 5150 
5°11814186 


_ Distances in 


Feet. 


Miles. 


See | Oe | | tS 


261703+52 
170395°43 
195763°52 


276136-01 
 77316-85 
261703+52 


125157-28 


194090°88 | 


170395°43 


184589°76 
134795°48 
194090-88 


130299°35 
125157°28 
160098 -14 


I13113°55 
131262-86 
102422+12 


84385+76 
125157-28 
TI3113+55 


94063-76 
148285-39 
II3113°55 


88008-56 
10242212 
148285+39 


54226-10 
75013°19 
94063-76 


13319134 
85891-76 
131262-86 


Supplementary. | 


— 2°06 
+1-05 


Supplementary. 


ny 





20 


21. 


23 


Names of Stations, Corrected Angles, 

fies ° / Ml 
Bairlight  ssscsssevesesecisaces 80 59 34°574. 
Vrittenfield ........... babies 48 20 35-851 
Crowborough......ssescseseee ; 5° 39 53°349 
|_180 0 3-774 
Bawheht: .asscsnsacsieseeiieats 112 33 39-958 
Paddlesworth...scscecssevseees 30 36 24:955 
Crowborough......sseseeseee ‘3 36 49 59-100 
180 Oo 4013 
Frittenfield ..sccoeeee sveainee ‘ 37 8 27-9725 
Wrotham ssescccoccseceerscees 89 49 5-408 
Crowborough....ccccossccees aig 53 2 29-979 
180 0 3-112 
Frittenficld ...cccceccccsceses 2.2, 22.490 
St. Peter’s Church ........ ‘ a 35 ee 
Paddlesworth....cccsscsesevees 99 2% 23-999 
180 0 2-012 
Frittenfield eoeene eeeseseseors 66 2 ‘ 2, 
St. Peter’s Church ......... 31 = eee 
Norwood ....04. Siaeamnseuees 82 24 5521 

180 


TRIANGLES. 


Figure 18—continued. 


O 2°393 


Log. Distances, 


5°21903782 
50978 2678 


5°£128 5752 


+3564.1398 
:O 


5 
5 
5°16876477 
4°9999 1518 
521903782 
5°1216 2477 


5:0493 8793 
4°8882 7416 


51637 1982, 


5°1296 7533 
48816 6881 


5+1637 1982 


FIGURE I9. 


Distances in 


Feet, 


16559142 
125264-15 
129675°38 


22.72.0296 
125264+15 
14.7490°74 


99980-472 
165591°416 
132319+780 


112043-83 
7731685 
145787 +34 


134795°48 
7614981 
14578734 


Miles. 





31-4 
23°7 
2.4°6 


43°0 
23-7 
27°9 





4-030 | 


+ 4°12, 





Dunstable .....cccecsses peeeede 
Ecpping Cupola ...seccosceees 
Tharfield .. 


evecteeeoeetesetes eeees 


Iepping Cupola evereseovoes toes 
Tharfield 


Dunstable 
Tharfield  ...cccceee aeuaneiess 
Berkhampstead ....ccsssssvees 


Thaxted Spire eeaeteseeoepeeeeoee 
Tharfield ....csccseoes ccskeese 
Berkhampstead siedieeeeecoende 


Epping Cupola 
Lhaxted Spire ....sceceeeee a 
Danbury Spire ...... 


a ED 


45 
57 


180 


34 45°525 
8 17+359 
16 60-628 
O 3-512 


4 15573 
32 47-274 


76 45 59°242 


Oo 2089 


13 39°774 
45 4204 
I 27+292 


O 2270 





49 31 4-667 


87 
43 
180 
58 


59 
61 


180 


4 43-098 


24 13°647 


O 2-012 
56 47-503 
52 57°2601 
IO 17°377 
OD QI4I 





5°9779 7421 
5 LOLI 4199 
5°2047 4992 


494429699 
501591555 
5:0779 7421 


4°9884 1660 
5°0042 1072 
510114199 


4+9884 1660 
5*10669127 
494429698 


5°0062, 0001 


50103 9376 
5°0159 1555 


119666:95 
126224-01 
160232-25 


| 87962-38 


10373267 
119666-95 


97368-08 


100974°27 
126224:01 


97368-08 
127847-21 
87962-38 


101437°84 
102422°12 


103732-67 


+ 3:81 


—066 | 


Supplementary. 


23 


~—0:66 


| Thaxted Spire 





PRINCIPAL TRIANGULATION, 


Names of Stations. 





Danbury Spire 
Thaxted Spire 
Stoke Tower ...ccee. ee | 


Stoke Tower |eeeseeeeetasateagees 
Walton Tower ..... eioaves ms 


Walton Tower 
Stoke Tower ....ccscsccscceees 


| 
: i 
Danbury Spire ...... peoaeeeas 
Otley Tower .....sccessseosees 


Walton Tower .....cocseeeees 
Otley Tower .....+0 besueeais 
Naughton Tower ..s-ccecese. 

| 


Thaxted Spire ...ssesereseees 
Stoke Tower .eescsoes Penne ere 
Lawshall Tower,...csccsscsese 


Stoke Tower seccscssovescceces 
Lawshall Tower. ..ccscoccseses 
Naughton Tower ..ccccccoces 


Thaxted Spire .....+. siwelns 
Lawshall Tower.....cccssccees 
Balsham Tower...ccccsccesees 


Tharfield 


ebeoeeesreneeeseeeeens 


#eeseseeoaocesoeaeees 


Balsham Tower... .ecccccceses 


Tharfield 
Balsham Tower ....es. Seencieen 
Ely Minster ...essesveee. ee 


@*#eeeceoseeeeeaetaseenes 


Danbury Spire 
Walton Tower 
Naughton Tower 


@e¢eeeeeeeetetensy 
* 
eeeeteasteaaeseeee 


Danbury Spire ....scceceeeees 


| Naughton Tower ......sse00. 


Thaxted Spire ....... peavey 


FIGURE 19—continued. 


Corrected Angles. 


ie] 
66 


64 
48 
180 
35 


99 
45 


180 


54 
65 
65 


180 
32 
$2 
64. 

180 


| 34 


63 
$1 


180 


53 
35 
go 
180 


43 
790 


66 45 25°393 


180 
76 
IIo 
33 
180 


40 
67 
72 


180 
62, 


42 47-863 
5O 11-635 
27 3+190 
o 2-688 
39 +305 


I 43°139 
IQ 13-422 


Oo 2°866 


28 28-535 
7 25°35° 


24 8-135 


O 2-020 


AI 53:678 
40 13-844 


37 54°:013 


QO 1°535 


29 3°462 
53 4°716 


37 53°995 


O 1-873 


7 45°935 
16 54°184 


35 20°737 
O 0-+556- 


59 37°427 
27. 7°452 


33 16-530 


© I-409 


12 24°909 
2 10-972. 


O 1274 


21 30-859 
33 55°795 
4 35:283 
793) 


“IL 35-458 
5 48-280 


42 40-514 
O 4-252 


Io 18-710 
28 12-538 
2I 32°220 


O 3:468 





Log. Distances, 


5°0951 7157 
5:0887 7019 
50062 0001 


5:0024 3148 
5°2314.5795 
5°0887 7019 


4°9737 9309 
50208 6658 


5:0024 3148 


4°7974.6879 
50613 4083 


- 5:0208 6658 


485277347 
5*0530 5260 
5°O951 7157 


4°7382 9143 
463549885 
48527 7347 


4°9609 9533 
4°8165 1580 


5°9530 5260. 


48165 1580 


4°9541 4333 


4°9442 9698. 


4°9900 7870 


5°188 54762. 


4°9541 4333 


50613 4083 
5*2158 7310 
5°23145795 


5°1686 7489 
5:0062 0001 


5+2158 7310- 


a EA TL RL A — 


Distances in 


Feet. 


124500-64. 
12.2678-99 


/101437-84 


10056%+44 


170395:43 
122678-99 


94124°59 
104922+00 


TOO561 +44 


- 62729-06 
11517039 |: 


10492201 


- 71248-13 


112993-28 
124500-64 


54738-316 
43201+502 
71248+130 


91410-34 


- 6554141 


112993°28 


65541-41 


' -89979°45 


-87962-38 


© 977 41°43 


154364-57 
89979°45 


II5170-39 
164389-13 
170395+43 


I47460-22 


101437-84 
164389-13 





Miles. 


17-0 


21-8 
Ebas 
32°3 


29-9 


19+2 
B11 


Error of 
A. 


——— ett | Geen ie eel 


Supplementary. 


+ 3:02 


+- 2°02 


—I°21 


Supplementary, 


+-0°65 


— 4°51 


— +48 


Supplementary. 


TRIANGLES. 487 


FIGURE 19—continued. 








Names of Stations. Corrected Angles. | Log. Distances, |]——>———7- aay . 
Danbury Spire ....ccccccsseee 19 12 4-754 4:73899143 || 54738-31 | 10-4 ‘ 
Naughton Tower ........008. 79 35 43:054 | 5:21382252 | 163614+78 | 31-0 ||Supplementary. 
Lawshall Tower ....sccsceee 81 11 37-273 | 5+21587310 || 164389-13 | 311 

180 0 2-081 
Balsham Tower .......ses00 ve {| 61 9 T0504 | 5+25565212 || 180157-40 | 34-1 
Lawshall Tower......+0+. sven |] 92 27 39-975 | 5-31979324 || 20549121 | 38-9 - 
Swaffham Spire......cceceoeee 26 23 13-590 | 4:96099533 QI410+34 | 17+3 
180 0 3-869 
Lawshall Tower.......sssseees 37 4 43-021 | 505944028 || 114667-48 | 21-7 | 
Swaffham Spire.....ccsssssees 34. 13 40-684 | 502929982 || 106979-32 | 20-3 | —4-64 
South Lopham Tower ...... 108 41 39-028 | 525565212 || 180157-40 | 34+1 
a ee . 180 0 2-733 | 
Lawshall Tower......ee0ss vee |} 648 45 58-349 | 4:92390084 || 83926-83 | 15-9 |. | 
South Lopham Tower ...... 57 46 52-628 | 4:97504827 94416-58 | 17°9 | +035 
Brandon... ssecseeeseseseens seve 73 27 I0-BI0 | 5-02929982 || 106979+32 | 20-3 
180 0 1-984 
TSPANCON sisiwescescddacceseneses 82 33 23-17 5:0594.4028 114667-48 2199 
South Lopham Tower ...... || 50 54 re 4°95308184 || 89759-79 | 17:0 | +0-18 
Swaffham Spire......ccecseee 46 31 52-184 | 492390084 || 83926-83 | 15-9 
180 0 1:957 
Brandon ....ccescseseeees seasons IOI 33 15-645 | 5°11948288 || 131668-80 | 24-9 
Swaffham Spire....cccsceeees 36 32 28-279 | 4:90318158 |} 80016-87 | 15-2 || —2-81 
Kly Minster ec eeeeceveversevece 41 54 17-731 4:95308184 89759°79 170 
180 9 1-655 
Tharfield  ..cccsccecseccorseces 20 17 0-972 49031 8158 80016-87 I5°2 
| Ely Minster ......ccccescecees lly 44 Pras 5+31023174 || 204282-77 | 38-7 || —4.51 
Brandon .ocececescescs rer rr 41 58 19+582 5°1885.4762 154364°57 29 °2 
180 0 2571 
Lawshall Tower.......ssseeees 42 2 30-028 | 4°86177302 || 72739-95 | 13:8 
South Lopham Tower ...... 57 58 e4.994 4:96400979 92047:03 | 17:4] —4:05 
Miclkfield MOWED .Ksedeckueere 80 I 36-532 5:0292,9982 10697932 203 | 
180 0 1-551 
Lawshall Tower....... snevoese 34. 3 11-847 | 474707502 || 55856-67 | 10-6 
Mickfield Tower .......0000 33 16 rat 4°73829143 |} 54738-31 | 10-4 |} +004 
Naughton Tower ....s.eceeee 112 39 55-549 | 496400979 || 92047:03 ) 17-4 
180 0 0-664. 
Lawshall Tower.......+.. tases 76 5 41-873 | 5:03272163 |] 107825-54 | 20-4 
- |. South Lopham Tower ...... 29 31 24-7478 | 4:73829143 54738-31 | IO-4 |/Supplementary. 
Naughton MOWCL-cccccsvdinss 44.22 54-686 | 5:02929982 || 106979+32 | 20+3 
wus iton Tower coe ceccscces oO 2 6-8 4+5022 5966 31787-4941 -§:0 
|. Mickfield Tower ............ | 35 ee ae -4°4974.6879 || 62729-0062 | 11-9 + 6-16 
Otley Tower vc. .cceseeeeee 62.48 34-278 | 474707502, || 55856-667 | 10-6 





| 180 ©) O4l7 
| 


er. Sd 


Sa rae ET TCD 








PRINCIPAL TRIANGULATION. 
FIGURE 19—continued. 


| Distances in 











Names of Stations. Corrected Angles. Log. Distances, (————_————————————— Error of 
| Feet. Miles. A. 
0 / / 
Ely Minster ...csssescecevece . 36 31 35-533 4:76489460 || 581096-19 | 11-0 — 
Balsham Tower.......++... eee 51 55 48-690 | 4:88635394 || 76975-475 | 14-6 ||supplementary. 
Cambridge Obs’ Dome...... QI 32 36-830 | 4:99007870 || 97741-43 | 18-5 
180 0 1-053 
Ely Minster .......ssseeees vee | T2T 11 42-267 | 5+13601911 |} 136778-90 | 25-9 
Brandon ....s+s++0eees soganeaee 98 46 37-951 | 4°8863 5394 76975°75 | 14:6 55 
Cambridge Obs’ Dome...... 30 I 41-021 | 4:90318158 || 80016-87 | 15.9 
180 O 1+239 
FIGURE 20, 
: , 
Walton Tower .......+.seceee | 41 24 14°662 | 4:86111526 72629°87 | 13:8 | 
Otley Tower ......sce0e- siaiete | 65 46 12-132 | 5:00062260 || 100143-46 | 19:0 || +2-62 | 
Orford Castle...ssccesceeseees - | 7% 49 34-840 |. 5:02086658 |; 104922-01 | 19-9 | 
180 0 1-634 . 
Orford Castle.....cccssecsseees : 48 4 45-204 | 4-81191126 || 64850-19 | 12-3 | 
Otley Tower ............ suena. 75 28 43:276 | 4:92619812 84371-96 | 16-0 || —1-60. 
Laxfield Tower ...ccessssseess | 560 26 32°592 | 4-86111526 72629-87 | 13-8 | 
_180 0 1-072 
Orford Castle......ssscccsseeee |i 47 © 50-713 | 484828369 70515°35 | 13+4 
Laxfield Tower ......+. svoeee | 71 54 34:442 | 496204025 | 91630-54 | 17-4 |] + 3°49 | 
Southwold Tower .......0.... 61 4 36-175 | 4:92619812 84371°95 | 16:0 
| 180 0 1+330 
Laxfield Tower ..... sessveseee | 49 43° 5°590 4°8286 3613 67396-31 | 12:8 || —4:60 
Lofts Tower ....scscccccsesecs | 52 57 23-607 | 4-84828369 70515+35 | 13-4 
| 180 0 1-091 
Laxfield Tower ....essses vee |} 69 40 51-417 | 499554995 || 98q80+57 | 18-7 
LOlts Lower dccsvelicastssceve 55 34 19-005 | 4°93981963 87060-19 | 16-5 || —0o-08 
Bunwell Tower .......... viens 54 44 51°233 | 4°93547002 86192-61 | 163 





| 180 0 1-655 


Laxfield Tower ...csosssseeese || 39 10 37-852 | 4-88674290 
Tofts Tower ...cccccccssecsene 95 51 14:336 | 508394854. 
Norwich Spire ...scccscesesee 44 58 9:366 | 4:93547002 


180 0 ° 1-554 


7704472 | 14:6 
TQIZ24°51 | 23-0 | -+0-84 
8619261 | 16-3 


Norwish Byte srr 30 30 13°565 | 4°80627646 64014:22 | 12-1 


Norwich Spire ...ccccssees + || 43 39 23-907 | 4:93981963 || 87060-19 | 16-5 | —1-32 
Bunwell Tower....cccsccsceee 105 50 23-789 | 508394854 || 121324-01 | 23-0 

| 180 0 1-261 
Laxfield Tower Coeceesssecbere 30 I 59°473 46609 2178 45805+934 8-7 
Bunwwell Tower ....ccsssevesee 77-55 40°856 | 495180534 89496-359| 16-9 || -+-0-18 
South Lopham Tower veo. 72 % 20:588 | 4-9308 1963 || 87060-194| 16-5 | 


| 
| 
| 

Southwold Tower .........06 | 44 19 31-894 | 4°9354.7002 86192°61 | 16+3 


180 0 0-917 








TRIANGLES. 


FIGURE 20—continued. 













Names of Stations. 


Corrected Angles. Log. Distances, 












South Lopham Tower ...... 42 59 51-047 4°6615 4.706 
Bunwell Tower.........sceee. 94 4 54:950 | 4:82668126 
Hingham Tower .........06 42 55 14°496 | 4°66092175 
180 0 0-493 
South Lopham ‘Tower ...... 44. 36 57-653 | 4:80279878 
Mickfield Tower ....sccseees St 49 18-416 | 4:95180537 
Laxfield Tower ....cscoseseeee 53 33 45-006 | 4:86177302 
| 180 0 1-075 
Norwich Spire ..scccscsosesee 38 11 55-911 | 4:66154706 
Bunwell Tower ....cecceeceess 82 9 0-406 | 4:86619434 
Tingham Tower ...secssees 59 39 -4:367 | 4:8062 7646 
180 0 0-684 
Norwich Spire ....cccccsceess 86 33 59-266 | 5° 9759 2535 
Hingham Tower ....sceseses 55.25 7-429 | 4:99227458 
Baconsthorpe Tower......... 38 0 5z.000 | 4: 8661 9434 
180 0 1-695 
Baconsthorpe Tower......... 30 48 34-891 | 4:84296670 
Hingham Tower .......000 - il 88 3 oO-BEy | 5+13328924 
Swaffham Spire....... atwens 61 8 4-09 | 5:07592535 
180 0 1-950 
Baconsthorpe Tower........ | 56 9 36-622 | 4°93947357 
Norwich Spire ......... seas 54 7 33-750 | 4:92873302 
Happisburgh Tower ......... 69 42 51-257 | 4:99227458 
180 0 1-629 
Happisburgh Tower ......... 61 27 4-117 | 4:98234618 
Norwich Spire .....cccccevees 65 48 53-410 | 4:9987 5162 
Gorleston Tower ..........+. 52 44 4:265 | 4°93947357 
18 oO 1-792 
Happisburgh Tower ......... 40 26 g-157 | 4:88674290 
Norwich Spire ....ccsessecees 92 28 57-800 | 5:07436170 
Tofts Tower ..scossecsesccsees 47 4 54-618 | 493947357 
180 O 14575 
Southwold Tower ...... ain 26 43 38-598 | 4:64320306 
Lofts Tower ....ccscscsesseees 109 42 5+896 | 4:96405257 
Gorleston Tower .......s000. 43 34 19-162 | 4°5286 3613 
180 0 0-656: 
Swaffham Spire.....sccsseeeee | 662 10-847 | 5:2182 5628 
Lawshall Tower .....sceeeee 2,9, z 40:073 | 4°84296670 
Hingham Tower vecccccccece go 42 11-788 525505212 
180 oO 2-708 
Swaffham Spire.......s0sceee. 78 51 22-347 | 50104. 3112 
Brandon.. paiiaisins 4I 51 10-627 | 4:84296670 
Hingham Tower ssssccccce 59 17 28-468 | 4:95308184 
180 oO 


I-442 | 


EL DR 


489 





Error of 
Feet. Miles A. 
fi 

45871-935 | 8-7 
67093°625 | 12-7 |} -+1-16 
45805:935| 8-7 
63503-66 | 12-0 
89496-36 | 16-9 ! + 6-85 
72739°95 | 13:8 | 

| 
45871-935| 8-7 
73484-263 13-9 +-0-26 
64014:220 T2°I 
119103+73 | 22-6 
98236-88 | 18-6 || +3-84 
73484-2926 | 13+9 
69657°31 13-2 | 
135921-84 | 25-7 |} +348 
119103°73 | 22-6 
86990-85 | 16-5 
84865-86 | 16-1 || +3-95 
98236-88 | 18. 
96016-57 | 18-2 
9971296 | 18-9 || —8-34 | 
86990-8385 | 16-5 || 
T7OA4ATT | 14:6 
118675:67 | 22-5 | —7-38 
86990-85 16+5 
43974809 | 8-3 
92056-100 | 17-4 | —1-58— 
67396-312 | 12-8 
165293-69 | 313 
69657-31 13° Supplementary. 
180r157-40 | 34:1 
102430-93 | 19°4 
69657+31 | 13:2 || —oO°49 
89759°79 |. 17-0 


496 PRINCIPAL ‘TRIANGULATION. 


FIGURE 20—continued. 


No. of Names of Stations Corrected Angl | .. a Error of 
A. “te cte . NPrIes. of. Uistances, Feet. Miles. A. 
Brandon...... se heaeeecsenenees 64. 35 37-694 5°O541 7261 || 113285-05 | 21-5 
20 | Swaffham Spire............06 69 42 19-639 | 507051280 || 117628-57 | 22-3 |\Supplementary. 
{| Bunwell Tower .........c00008 45 42 4:910 | 4:95308184 || 89759-79 O 
180 0 2:243 
South Lopham Tower ...... 76 43 7°737 | 5°05417261 "|| 113285-053 | 21-5 
21 | Swaffham Spire...........000 23 10 27-455 | 4:66092175 |} 45805-934| 8-7 ‘5 
Bunwell Tower.........seece 80 6 26-010 | 5:05944028 |) 114667-483 | 21-7 
180 Oo 1-202 
Swaffham Spire.......0eeee 70 17 10-210 | 5+16028047 || 144637-36 | 27-4 
22 | Bunwell Tower ..........s006 62 12 36-729 | 5-13328924 || 135921-84 | 25+7 2 
Baconsthorpe Tower......... 47 30 16-470 | 5-05417261 || 113285-05 | 21°5 | 
| 180 0 3:409 | 
Bunwell Tower.......0..sses. | 38 16 34-027 | 4-80279878 || 63503-66 | 12-0 
23 | Laxfield Tower............... | 83 35 44-479 | 5-00807356 || 101876-39 | 19-3 |} +1-16 
Mickfield Tower ....-seeee. 58 7 42-786 | 4-9398 1963 87060-19 | 16-5 


180 0 1292 











FIGURE 21. 
Great Whernside .......s000 44 55 11-738 | 5-21002890 || 162191-80 | 30-7 
I | Botton Elead .........cseseoees 65 58 43-267 | 5-32181280 || 209803-53 | 39-7 || —2-73 
York Minster........c.cseeeeee 69 6 12-468 | 5+331606g1 || 214588-73 | 40-6 
180 90 7:473 a 
Botton Head ......ccssecevveee 26 II 14-503 | 4:85478165 |}; 71578-34 | 13°6 
9 | York Minster.......scssecceees 63 20 43-386 | 5+16124532 | 144959-04 | 27°5 || +5:99 
Acklam Wold  ....ccscscesees go 28 6-550 | 5:21002890 |} 162191-80 | 30°7 
180 0 2439 | _ 
Great Whernside ......sse08. 33 21 18-282 | 5°16124532 || -144959-04 | 27°5 i 
3 | Botton Head ..............e000 92 9 57°770 | 5°42071759 | 263461-76 | 49-9 |Supplementary. 
Acklam Wold ........sssees- 54 28 51-256 | 5°331G606g1 || 214588-73 | 40-6 
180 0 7:308 | 2 
Great Whernside .......00.0 36 35 59°612 | 5:27097898 || 186628-93 | 35-3 
4+ York Minster icsssccsdsescaacs Tor 18 56-589 | 5:48705434 || 306940-61 | 58-1 9 
Clifton Beacon ..........c0088 || 42 5 12-826 | 5°32181280-} 20980353 | 39-7 
180 0 9:027 
Great Whernside ............ 48 «9 537068 | 5°3731 0014 |} 23610715 | 44-7 
5 | Clifton Beacon ..........00608 56 14 27°573 | 5°42071759 || 263461-76 | 499 2 
Acklam Wold ........ sahense 75 35 53°523 | 5°48705434 || 306940-61 | 58-1 
180 O 14-164 
Great Whernside eoeccevceces | 37 5 48-307 5°2035 3963 159786°33 30°3 
6 | Acklam Wold Jscenivs soaseine 46 53 37-832 | 5:28648294 || 193411-71 | 36-6 ‘ 
Garforth Chill * aasctcedeevesses 96 O 41-087 5°4.207 1759 ° 263461-76 49°9 


180 0 7226 











TRIANGLES. 491 
Figure 21—continued. 
| Distances in Error of 
Names of Stations. Corrected Angles. | Log. Distances noe ee 
Great Whernside ..........0 an 15 26-268 5°1684.5706 || 147386-28 | 27-9 
Clifton Beacon ............0ce 45 15 10:054 | 5°35990153 || 228560-69'| 43-3 |{Supplementary. 
Holme Moss ..........ssceeeee 107 29 31:232 | 548705434 || 306940-61 | 58-1 
180 0 7°554 
Great Whernside ........+40. 38 19 31-029 | 515361486 |} 142434-39 | 27-0 
Holme Moss .......esceseveere 57 2% 30-977 | 5:28648277 | 193411-71 | 36-6 . 
Garforth Cliff .........s00ee 84 18 64:439 | 535900153 || 228560-69 | 43-3 
180 0 6-445 
Great Whernside .........-+ 25 31 54:°851 | 4:95674278 90519:63 | 17-1 
York Minster  .......eseseees 67 3 44191 | 5-286482977 193411-71 36-6 is 
Garforth Cliff ..........+000. 87 24 25:070 | 5+32181280 |} 209803-53 | 39-7 
180 0 4-112 
Clifton Beacon .......ccceeeee 33 26 44-606 | 5-20676564 || 160977-67 | 30-5 || 
Acklam Wold  ......cccceeees 20 29 28-839 | 5-00964557 || 102245:82 | 19-4 | —4-95 
GYOWIC: <cccisicacsintasedecaetecs 126 3 49-683 | 5-347310914 || 236107-15 | 44-7 
180 0 3-128 
Acklam Wold ....... bingaate 49 Il 44-530 | 5+12554721 || 133520-27 | 25-3 
CrOWIlE: suadesuvesssberessiesacs 64 56 16-611 | 520353963 || 159786-33 | 30-3 || —4:54 | 
Garforth Cliff ..........eeeee 65 52 3:°436 | 5°20676564 || 160977-67 | 30-5 
180 0 4:577 
Holme Moss .....ssecsoveveee 48 19 5-713 | 4:93230992 | 85567-7121 | 16-2 
AXLE civasccssccresesoersares 31 22 19-947 | 4°77557631 59645°31 | 11-3 ||Supplementary. 
Back Tor .......+++6. veesevece Ioo 18 35-521 | 5:05200814 || 112721-86 | 21-3 
180 o 1-181 | 
Bardon Hill .........seeseeees 17 52 13-991 | 493230993 || 85567-71 | 16-2 
ACOSO sieredd sicewenerereodsans 104 54. 36554 | 5°43049548 || 269460-73 | 51-0 33 
Back Lor sesssesscetevsaseskes 57 13 14:013 | 5*37003940 || 234444-15 | 44-4 
180 0 4-558 | ; 
Holme Moss «......sseccseeeee 37 41 1-543 | 5:02780527 || 106611-80 | 20-2 
Clifton Beacon .........eseee. 19 59 56:027 | 4°77557631 || 59645-31 | 11-3 - 
Back ‘Tor issasesesesessiassenes 122 18 63-694 | 5°16845706 || 147386-28 | 27-9 
180 0 1-264 |. 
Bardon Hill ....scscccsceveees 77 58 23-981 | 5:49065668 || 309497-17 | 58-6 | 
ARCO: Snackvescucneveonsyess 54. 13 25-153 | 5:40947466 || 256728-84 | 48-6 || +548 
Lincoln Minster. ............ 47 48 24-707 | 5*37003940 || 234444-15 | 44-4 | 
180 o 13-841 
Bardon Hill ............00000 60 6 9-990 | 5°421I5715 |, 263728-55 | 49-9 
Back Tor Ceereveccccseresecves 57 33 20°301 5°4094.7466 2.56728-84 48-6 Supplementary, | 
Lincoln Minster ...... sean 62 20 43-810 | 5°43049548 || 269460-73 | 51-0 
180 0 I4:10I 
POW: ingeaiuscs cssn ub cves. : ADTI ETI 262728+82 | 49-9 
oe aan 94 44 50967 | Suanrns7es | 26a7e8a5 | 499 | 
Lincoln Minster  ............ 50 23 36-702 | 5°30938462' || 203884-69 38-6 
180 0. 7-326 


3Q2 





PRINCIPAL TRIANGULATION. 


Names of Stations. 





Crowle 
Lincoln Minster 


#eaeseeceeeeeseseeaeseeetess 


Bardon Hill 


eseaetebtoeaeceseeeeeees st 


Arbury Hall 
Dunstable .....ccesscesessscees 
Naseby Tower 


Arbury Fill ......cccccssenees 
Naseby Tower 


eepeeeeeeeeeaes 


Hanslope Spire ..ccsssesceeees 


Arbury Till ....ssccssseccsene 
Dunstable. csvccsccescoccccsssss 


Hanslope Spire ....cecceeeecee 


Dunstable .....ccccccccccsccces 
Tharfield 


Keysoe Spire...sccccsecsseees 


*eeeseceeeaetsesettece 


Naseby Tower .....sseccscees 
Dunstable: sicccscccsecseacecews 


Dunstable sssuecssesvcsswoseese 
Keysoe Spire....ccccsssscecees 
Hanslope Spire ....scscssceees 


Tharfield 
Hanslope Spire .......sesceees 
Keysoe Spire...seccsccscrevees 


eetoveesn Seats aetsesesees 


Tharfield ..ccccccsesees vaseeee | 
Ely Minster ...scssssssseeeees | 
Keysoe Spire..s.scscssecavenes 


Clifton Beacon .....cccocscess 


Fel, aan 
Naseby Tower ....ccsseseeees | 


Dunstable ......ccccccsssecsece 
Tharteld. .cistdacsiesesiacsene 
Hanslope Spire .......seeeeees 


FIGURE 21—continued. 


Corrected Angles. 


ie] / 
61 34 


81 56 


57 42 
45 19 
180 o 
15 26 
13 4 
151 29 
180 Oo 


99 15 
37 28 
43 16 


180 o 


53 45 
70 «(6 
56 8 


180 oO 
39 17 
37 10 
103 32 


180 oO 


45 29 


712 39. 


45 1 
63 18 


180 oO 


32:1 16 
61-227 
3°°257 

3-600 
23-580 
24°374 
T4-4Q1 

244 5 
41-831 

9°599 


12°355_ 


3°785 
40+328 
43°557 


37°365 . 


1-750 


P03 
53°27 
6-568 
1-198 


3-892 
33°397 
25°994 

3:283 
36-563 

9°505 
17°295 

3°423 

9-268 
10-858 
44°331 


_4°457 


27°330 


6-766 
54°178 
3°277 
40221 





Log. Distances, 


5°T797 2459 
5°2312 1621 


5:0096.4557 


4°9039 2124 
5*1380 2435 
592.504.1148 


5°3413 5081 
490392124 
5+30314247 


5°0406 2719 
4°9799 1999 
4°9039 2124. 


5:04.93 5185 
4:97901999 
5 +3031 4247 


5°2594.6006 
7 5°0493 5185 
5 IOII 4199 


5:0884.9418 
5°1551 3234 
5*1OLI 4199 


5°1551 3234 
5°1347 6222 
5*3413 5081 


5:OlI21272 
504.93 5185 
5°1551 3234 


5011212479 
5:0884 9418 
5°2594.6006 


5°2144 7396 
5:0884 94.18 
5°1885 4762 


rf ee ee psa i sh hfe Se SP ar Ss Ss Su SP Ss SS Sn SS as tw A YY 


Distances in 


Feet. 


151260-18 
170300-61 
102245-82 


80153-27 
137411-go 
18047268 


219457-69 
80153°27 
20097520 


109806-28 
95284-00 
80153°27 


112034-51 
95284-00 
2.0097 5-20 


181743-98 
11203451 
126224-02 


12260104 


14.2.932°94 
126224:02 


142932-Q4 
136383-62 
219457°69 


102615-43 
112034:51 
14.2932°94 


102615-43 
122601-04. 
181 743-98 


163860-38 
12260104 
15436457 


Miles. 


Error of 


ne ee | Sees | | EE 


—47+17 


Supplementary. 


+ 2:27 


Supplementary, 


+ 5°73 


PS |e TS SSNS 


30 


32 


33 


35 


36 


37 


39 


Names of Stations 


Balsham Tower...... 
Ely Minster ......... 
Keysoc Spire........ 


Kly Minster ......... 
Keysoe Spire......0s 
Easton Tower 


Naseby Tower 


*eeeeenes 


wet C8088 


Se@eaubtee 


ees Geaeaeee 


e@eeeeneea 


eeeeeeesenseesen 


aenoeeceeoneseeens 


Keysoe Spire....ccccesseceeees 


Easton Tower 


Easton Tower 
Ieysoe Spire......... 
UL AUGOMs sicaiicsveeevewes 


Naseby Tower ...... 
Keysoe Spire......0 
TACO tsetse canesiegeses vs 


Bardon Hill ......... 
Naseby Tower 
TAMOU:weavsveuseawanees 


veeneece 


Lincoln Minster 
Buckminster Spire 
Boston Tower ...... 


Buckminster Spire 
Boston Tower 
Easton Tower 


Boston Tower 
Easton Tower 


eesveeveve 


eeeoeseeess 


eneotesen 


eeeeven sen 


eeeseteoe 


@eecesvuves 


*eeeeeeene 


eeseevese 


eeenenneos 


@#@eeeseeesea 


TRIANGLES. 


TIGURE 21—continued. 


Corrected Angles. 


68 7 2-809 
78 16 29-461 
| 33 36 31-418 
180 0 3-688 
45 39 33°226 
77 35 49°577 
56 44 42-471 
180 O 5-274 











61 39 20-814 
59 25 5°5%9 
58 55 37°536 
180 0 3-869 





IOI 14 18-513 
26 44 48-893 
52 © 55-181 
180 0 2-587 
96 18 59-468 
32 40 16-627 
51 0 46-925 
180 0 3:020 
43 31 25°417 
48 56 24-418 
87 32 12-473 
180 0 2-308 











26 36 13-864 
Iog 42 8-523 
43 41 39-156 
180 O 1543 
35 15 36:233 
30 0 0-220 
114 44 28-472 
180 0 4-925 
63° 3 55°211 
53 16 57-852 
63 39 11-930 
180 90 4-993 
79 32 41-836 
26 5 §0°139 
74.21 30-809 
180 0 2-984 
22 34-564 
26 8-598 
II 20-772 


© 3:934- 

















Log. Distances, 


Se re he STA aS OES 
Se SE ET 


5°2144.7396 
5°23779199 
499007870 


5°1465 6688 
52818 8890 
5*2144.7396 


51465 6688 
5°1369 8375 
513476222 


5° 24.15 3707 
4°90320291 
5+14656688 


5*2415 3707 
497642582 


513476222 


497642589 
5:0158 0934 
5*1380 2435 


4:8275 5280 
5° 1502 5296 
5:0158 0934 


52126 7626 
5° 1502 5297 
5*4094.7466 


5+2104.4044 
5°16426204 
5°2126 7626 


5°2195 5800 
4°8701 7548 
5*2104.4044 


Distances in 


Feet. 


163860-38 
172898-81 
97741 °43 


I4O0141+53 
191376-63 
163860-38 


I40141+53 
137083-04 


136383-62. 


174396-22 
§0020:80 


14014153 


174396-22 


947 16-54 
136383-62 


© 94716+54 
103707°30 
137411-90 


67228-40 
141336-05 
10379730 


163 183-51 
14133605 
256728-84 


162345+56 
145969-47 
163183-51 


165789-87 
7416098 
62345+56 


165973°47 
106464+74 
165789-87 


Miles. 


493 


Error of 
A. 





Supplementary. 


—IIel4 


—~— 4°23 


+ 3:65 


— 4:95 


+ 2-19 | 


Supplementary. 


P| 


+-3°O1 | 


494 PRINCIPAL TRIANGULATION. 


FIGURE 21—continued. 


Distances in 

















a of - Names of Stations. Corrected Angles. Log. Distances. a si sea of 
. ec 11es. ue 
Easton Tower ..ccssccscceces 38 41 28-098 5°0819 8970 | -120778-52 | 22-9 | 7 
40 | ly Minster ...........cceeees 59 12 30-837 | 5°22003868 | 165973-47 | 31-4] +2-96 
Walpole, St. Peter’s .......+. 82 6 5°735 | 5:28188890 || 191376-63 | 36-2 
180 0 4-670 | 
Tely Minster ......cscceeevees 50 17 2-012 | 5:03224369 |]- 107706-94. | 20-4 
41 | Swaffham Spire.....scseseeers 59 36 24:346 | 5:08198970 || 120778-52 | 22-9 |] —o-s0 
Walpole, St. Peter’s......... 70 6 36-519 | 5°11948288 || 131668-80 | 24-9 
180 0 2-877 
Boston Tower ....ccccesceees 21 49 58-533 | 5:03224369 || 107706-94 | 20-4 
42 | Walpole, St. Peter’s......++. 136 35 56-974 | 5°29883936 || 198993°71 | 37°7 |} +1°47 | 
Swatfham Spire....cccccsesees 21 34 6-348 | 5:02720579 || 106464-74 | 20-2 
180 oO 1-852 
Ely Minster .....ccccscesesoes 17 24 13-150 | 4:60131725 || 39931-649| 7:6 
43 | Walpole, St. Peter’s......... 97 49 5-140 | 5°12144542 | 132265-147 | 25-1 || —2-69 
Lynn Tower PTTTITTT TIT r TT rr 64. 46 42-834 5-0819 8970 120778-519 22°9 
180 0 1124 
Boston Tower ....ssesesseeee lH 17 33 34-183 | 4:60131725 |] 39931:649| 7-6 
44 | Walpole, St. Peter’s......... 108 53 28-353 | 5:09770320 |} 125228-506 | 23-7 || +2-12. 
Lynn Tower ......ccsccssssees 53 32 58-410 | 5:02720579 || 106464-738 | 20-2 
180 0 0-946 
Walpole, St. Peter’s......... a” 42 28-621 | 4:87331I191 | 74698-505| 14-1 | 
45 | Swaffham Spire.........sceese I4 23 31+722 | 4:60131725 || 39931-649| 7:6 | —2-23 
Lynn Tower ... ccsssecescscees 137 53 60-127 | 5:03224369 || 107706-941 | 20-4 
180 0 O-470 
Boston Tower ....scccesecees 47 57 6-336 | 5:03597279| 108635-75 20:6 
46 | Walpole, St. Peter’s ......... 85 21 5-834 | 5°16379957 | 145814-11 | 27-6 || —5-85 
Docking Tower........sssecee 46 41 50-541 | 5*02720579 || 106464-74 | 20-2 
180 O 2-711 
Walpole, St.-Peter’s eeeee eee 51 14 51-141 4°971 10385 - ‘++ -93562:94. 19°47 
47 Swaffham Spire ose bevenen eects 64 53 21-776 5°03597279 108635-75 20-6 |\Supplementary. 
Docking OWEE ccdsacsaentzens 63 5I 49°229 5:0322.4369 107706-94 20-4. 
180 0 2-146 
Swaffham Spire......csseceses 8 «8 re-mey | 5-07488551 | 118818-89 | 22-5 
48 | Baconsthorpe Tower.......0 . 2 aoe 4°97110385 93562°94 | 19-7 
Docking Tower.........ssse0 78 35 37-423 5+13328924 || 135921-84 | 25-4 
180 0 2-563 | | 
Lynn Tower .sesesssersseeees 8 4 on, 4-97110385 |} 93562-9094 | 17-4 
49 | Swaffham Spire............... be so boa 4:8678 8852 73771-48 | 14-0 || - 5, 
Docking Tower........sce0ee. 51 22 43-759 | 4°97331191 74698+50 | 14+] 
180 o 1-268 
Boston Tower ..... "ee eccves 30 23 32-154 4°8678 8851 73971+48 14°0 
50 Lynn POWER osicicorsterecneic gO 25 34-008 5°1637 99547 145814-11 27°6 —I'47 
Docking Tower.....s.0...008 59 10 56-010 | 5:09770320 || -125228-50 | 23-7 





180 0 2172 


TRIANGLES. 495 


FIGURE 21—continued. 


Distances in 














is Names of Stations, eerie Angles. Log. Distances. ee a mets o 
Crowle Beacon «.........00+4 34, 5 17498 4:9977 8388 99491-:02 | 18-8 = 3 
5r | Lincoln Minster ............ 25 28 23-073 | 4:87432350 || 74872-70 | 14-2 |{Supplementary. 
Gringley Beacon ....... sees |] ITQ 40 20-951 | 5°17972459 |] 151260-17 | 28-6 | 
180 0 1522 | 
Crowle Beacon .......ssse00 49) «5 43-729 | 4°87551675 75078+90 | 14+2 | 
52 | Clifton Beacon .......0.0.e0 46 55 35-760 | 4-87432350 74872°70 | 14:2 |] —2°55 
Gringley Beacon .....cssee0 85 58 41-829 | 5:00964557 |} 102245-82 | 19-4 . 
180 o 1-318 a  e 
Clifton Beacon ...seeceecerers 34 44. 43-693 | 4:6468 4011 44344-535 8.4. | 
53 Gringlev Beacon .eccccccccces 70 28 19-615 486528943 73331+308 13-9 | +925 
| North ind Of Base ..csecees 74.46 57-430 | 4°87551675 || 75078-701 | 14-2 o 4 
| _ 180 0 0-738 | | | 
Clifton Beacon .........eseees 20 47 13-410 | 4:42067955 || 26343-869 | 5:0 
54 | North End of Base ......++. 60 17 18-138 | 4:80936456 || 64471-023 | 12:2 | +549 
South End....eserereee sgaikti 98 55 28-847 | 486528943 || 73331-308 | 13-9 
180 0 0395 a 
Gringley Beacon ....sceceees 19 17 21-488 | 4-42067955 || 26343:869 |} 5:0 |] 
55 | North lind of Base ......... 14 29 39+293 | 4:30015176 || 19959-597 | 3:8 || +0-90 
~ | South End......cccccsssseeecee || 146 12 59-288 | 46468 4oII |] 44344°535 | 8-4 eas 
180 0 0-069 


“The triangles for the connection of special points with the general triangulation will be found in 
the divisions or Figures into which they naturally fall. Thus, the triangles for the-connection of the 
extremities of the Misterton Carr Base are given at the end of Figure 21. 


DETERMINATION OF THE MERIDIONAL DISTANCES 


OF 
HENSBARROW anp BEN HUTIG, 
DUNNOSE anp SAXAVORD. 


Tue first of the following tables contains the’ calculation of the successive distances 
Hensbarrow — Precelly, Precelly — South Pos South Berule— Ben Lomond, Ben 
Lomond—Ben Wyvis. 


The second contains the calculation of the successive distances Dunnose—Arbury, 
Arbury—Clifton, and Clifton—Burleigh Moor. 


HENSBARROW TO BEN WYVIS. 





seen Sines 
Names of Stations. Spherical Angles. Log. Distances. [Distances in Feet. References. 
Reduced Jeers 


aaa (ig mS (Sa 


HENSBARROW TO PRECELLY. 





| Precelly .......00. os 5 44. 35-498 9:0002 7660 | 5-45940875 | 288010-79 | A 7, page 461 
Lundy Island ...... 168 34 9147 | 9:29708219 | 575621434 | 570445-74 
Hensbarrow......... 5 41 19-185 | 8-99614680 | 5-45527895 | 285985-01 | A 2 4, 460 | 
180 0 3:830 
| Precelly ....s..0ce0 22 9 14-034 | 9°57578754 | 5-33508015 | 217811-17 | A 7 4 461 
High Wilhays tues 99 33 57°294 | 9°99392173 | 5°75021434 | 570445-74 | 
| Hensbarrow......... 58 19 13+°545 | 9°92991798 | 5:69221059 | 492278-I9 | A Q yy 461 
180 0 24:873 | 
PrecELLy TO SouTmM BERULE. 
| South Berule ...... 4427 23-532 | 984527835 | 5°75418108 | 567781-29 | A 5, page 479 
Kippure .essereceeee 96 57 34-964 | 9:99679384 | 5:90569657 | 804815-95 
PECCOUY « ssecesesawss 38 36 8-536 | 9+79506436 | 5°70396709 | 505786-34 | A I 4 433 
180 0 67-032 
South Berule ...... 20 90 1-984 | 9:53401134 | 5:64174764 | 438275-95 | A 5 . 5 479 | 
Snowdon ...--..eeee0 I4t 5 58-925 | 9°79796027 | 5:90569657 | 804815-95 
Precelly ....eces bi 18 54 25-964. | 9-51053887 | 561827517 | 41591705 | A II + 434. | 


180 0 26-873 





MERIDIONAL DISTANCES. 


HENSBARROW TO BEN Wyryvis—continued. 
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Names of Stations. 


Merrick ....... aeed 
Ben Lomond 


rifle) xcasvescweaewaes 
Ben Lomond 
South Berule ...... 


Ben Lomond  ..eee. 
South Berule ...... 
Merrick ...cccccoses 


TY Merrick ....cccccc0. 
Knocklayd .....008. 
South Berule ...... 


| Knocklayd 
1 Ben Lomond .,..... 
South Berule ...... 


Ben Nevis ..ccccose 


Ben Lomond ...... 
Ben Macdui......... 
Ben Wyvis ......... 


| Ben Nevis . 
Ben Wyvis ........, 
Ben Lomond 


Spherical Angles. 





Soutm BERULE To Ben Lomonp. 


118 6 
25 30 1-296 


36 24 25-830 
180 0 37-824 


5 43 28-049 
3 45°54! 
168 12 53-144 


180 0 6-734 


85 13 5:470 
46 38 I1+740 
48 9 14:586 
180 


© 31-796 





180 


Logarithmic Sines 


o 
Reduced Angles. 


9°9498 0619 
9°5293 2612 
9°8354.5330 


9°94553320 
9°6339 3441 
9°77339912 


8-9988 4183 
9:0236 8465 
9-3101 7162 


9-9984.8388 
98615 2132 
9°8721 0203 


9-99745167 
9+82308444 
98262 3358 


Log. Distances. 


5°7002 7911 
5°°797 9904 
5°5959 2621 


5:87241318 
55608 1440 
57002 7911 


5°50108339 
5°5859 2621 
5°8724 1318 


5*69804595 
5°56108339 
5°57166410 


5-8724.1318 
5-69804595 
5°7 O11 9509 


Ben Lowonp to Ben WYVIs. 


29 36 23-309 
109 55 39°595 


40 28 20-817 
180 0 23-711 


146 43 59-963 
13 38 40-542 


19 37 29°536 


180 0 10-041 
Ea EEG 


9°9996 5577 
9°79404638 
9-87928856 


9:6937 3293 
9:97319T02 
9:°81228028 


9°7392 1037 
9°37 26 9624 
9°5261 3913 


gR 


+5740 9157 
-36908218 


5 
5 | 
54543 2436 
545014422 
5°73500231 
5°5749 9157 


5°73500231 
5°36908218 
515225 2597 


Distances in Feet. 


591509°43 
19045792 
385412-87 


745440-84 
363759°55 
501 509-43 


363984-92 
385412-87 
745440-84 


498937-26 
36398492 
372961-58 


745440-84 
498937°26 
502568-30 


37557059 
233927-98 
984658-63 


285853-96 
544.004.°27 
375579°59 


544004-27 
2.33927-98 
333061-99 








> D> 


> D 


bb 


References, 





33, page 440 
16 5, 457 


435 


16 2 

TO 9 434 | 
16 3 457 
IO 55 434 
IO 35 456 
36 ” 458 


17, page 457 | 
450 


3 9 
9 » 450 
"17 99 4.57 


IO 35 459 
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‘ vs 


Names of Stations. 


ee 


Leith Hill ......... 
Chineford............ 
Greenwich Transit 


Butser 


eeeseeeaeeeease 


Dunnose ..ccccsccces 
Leith Hill 


| Greenwich 


eeeeeecetea 


®@eeveeceevnesne 


Leith Hill 
Beachy Head 
Greenwich 


eeesehasee 


| Dunnose .ecceccecees 
Beachy Head 
| Greenwich 


@et epee es 


Leith Hill 
Whitehorse Hill ... 
Arbury 


eee seep eee ves 


BEDULY -dasiewsiens 


ArbULy coe ceeoeeees 
| Leith Hill 


Dunn0SC ccececsecece 


Dunnose cocvccececees 
Greenwich 


ALbury coveseseeees 


‘I1O 


PRINCIPAL ‘TRIANGULATION. 


DUNNOSE TO BURLEIGH MOOR. 


Spherical Angles. 


| 


Logarithmic Sines 
of 
Reduced Angles. 


Log. Distances, 


DUNNOSE TO GREENWICH. 


10 50 46-254 
26 50 3°477 


142 19 11-423 


180 Oo 


19 24 
138 44 
21 52 


1-154 
2634 
0-308 
0-498 
3°440 
2 1 15-449 
173 54 38-028 
4 4 7°49° 


180 oO 


180 0 0:967 





100 16 40-258 
29 42 13-726 
50 I 12-909 


180 0 6-893 


41 6 12-327 
84 48 49-191 


54 5 20°399 
180 0 21-917 | 


9°274.5 5308 
96545 7130 
9°7862 2207 


9°5213 5779 
9:8192 5928 
9°57106216 


8-54.73 2536 
9°02564294 
8-3509 6347 


9°9929.7571 
9°69504961 
9°8843 7867 


9-81782547 
9:9982 1695 
9:9084 3583 


A 


4°7622 7507 
5*14.229329 
5*2739 4406 


5+14802983 
5°4459 3140 
5°1977 3428 


5°14229329 
5:6206 1087 


5°4459 3140 


544021939 
5°1422.9329 
5°3316.2235 


5*4402 1939 
5°6206 1087 


5°5308 2975 


DUNNOSE TO ARBURY. 


35 19 44:621 
98 59 53:238 


45 40 40-142 


18-001 
59°399 
41-888 
31+203 
12-490 
47:694 
56-139 
42-485 
26-318 
27-036 | 
3 23-712 


180 Oo 


18 45 
63 31 
97 42 
180 oO 
26. 30 
22 
43 6 
180 oO 


40 5 


93 
45 


180 


| 
9°76211397 | 5°39840001 , 


9°9946.24.18 
98545 5012 


9+50744165 
9°95189371 
9:9960 5859 


9°6496.9176 
997192712 
98346 7059 


9°81770332 
9°9991 2472 
985156883 


| 
| 
! 
| 


: 
i 
t 
i 
{ 
t 
| 
| 


5:6309 1023 


5°4908 3617 | 


5°1422.9329 
5°5867 4535 
56309 1023 


5-44.59 3140 
5°7681 6675 
59309 1023 


5867 4535 
7681 Gere 


5 
5° 
5°6206 1087 





Distances in Feet. 


57846-23 


138769-27 | 


187907-48 


140614+41 
2.79210+-28 


15 7664-63 


138769-27 | 
—417456-16 


279210-28 


275 502-04 
138769-27 
214596-36 


27 5562-04 
417450-16 
33949216 


250264-94 
427474°52 
309625-10 


138769-27 
386140-50 


4274-7452 


2.79210+28 
586363 -25 
42.7474°52 


386140-50 
586363 -25 


417450-16 


D 


D> 


References. 

52, page 478 
15 » 475 
15 9 469 
26 5 476 
3» 483 | 
3L 55 476 | 


* 


5, page 474 | 


7 


23 


474 








~ | Burleigh Moor...... 





MERIDIONAL DISTANCES. 


DUNNOSE TO BuRLEIGH Moor—continued. 





180 0 2+484 


Logarithmic Sines 


CuIrron TO BurLEIGnH Moor AND EASINGTON. 


180 


0 4-055 


9°9995 8365 


499 


Names of Stations. Spherical Angles. of Log. Distances. -|Distances in Feet, References. 
Reduced Angles, + 
ARBURY TO CLIFTON. 
Bardon..cccccsoeereee 130 10 39-096 9°8831 2623 | 5-59968937 | 397822°53 
AYDbUry srceccccesesees 29 32 36-796 | 9-69291151 | 540947466 | 256728-84 | A 15, page 4gI | 
Lincoln Minster... | 20 16 52-433 | 9°53984834 | 5-25641148 | 180472-68 | A 1g 4, 492 | 
180 0 8-325 
Lincoln Minster ... 76 15 50-254 | 9:98739636 | 5-43504841 | 272300-48 
| Bardon...coccses Seals 37 24 42-065 | 9°78356417 | 523121621 | 17030061 | A m8 , 492 
| Clifton sveseosee evens 66 19 37-667°| 9:96182261 | 5-40947466 | 256728-84:| A 16 -5, 491 
] 180 0 9-986 
| Lincoln Minster... | 96 32 42-687 | 9-99716139 | 5-65343405 | 450229-61 
ATbUry..cocccecessees 22 4 28-287 | 9-57494355 | 5:23121621 | 170300-61! A 18 5, 492 
Clifton ....se00. wewens 61 22 64°852 9°94341671 5°5996 8937 39782253 
- 180 © 15-826 | 
AYLDULy.cccerecseseces 7 28 8-509 9:11389756 5435049841 | 272300-48 
CHfton ..cceeseeceeees 4.56 32-815 | 8-93526062 | 5-25641148 | 180472-68 | A Ig 5 492 
Bardon..eccccevesovee | 167 35 21-160 | 9+33228320 | 565343405 | 450229-61 | 


Hasingt0on......sssees 70 41 35-082 | 9-97485951 | 5:44598710 | 279246-09 
Wordeslow soos | 76 17 2-411 | 9-9874.3342 | 5-45856102 | 287449-15 
Great Whernside... | 33 1 32-790 | 9-73639836 | 5-20752595 | 161259-74 | A 43, page 441 
° 180 0 10-283 | 
Great Whernside... | 87 48 64-102 | 9-99968438 | 5-61537072 | 412449+44 
CHifton ..sessveeserers 44 8 34-230 | 9-84287468 | 5-45856102 | 287449-15 
Wasington..eccerseees 48 2 42-394 | 9-87136801 | 5:48705434 | 306940-61 | A 4 5, 490 
| 180 0 20-726 
Easington......seeee. 81 36 50-869 | 9:99533125 | 5°61111831 | 408430-64 
| CUMON: scstsensdeneass 5 52 41-438 | 9-0103 3028 | 4-62611735 | 42278-28'| A 40 4, 440 
92 30 31-748 5°6153 7072 | 412449-44 


The distance of Easington and Saxavord, which are very nearly‘on the same meridian, 
is obtained in the following manner :— 

Through Easington draw a meridian line extending to Saxavord. The direction of 
this line is determined by the azimuthal observations at Easington, from which we have the 
angle between Cheviot and the north meridian line, 38° 48’ 58”.68 approximately (this 
was the angle actually assumed -in the calculations). On this meridian line take 
a point, A (see Figure 1, plate xviii.), whose distance from Easington is equal to 
the side Kasington— Cheviot. Join the point A with Cheviot and Mount Battock, 
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and it is evident that we can determine the distance of A from Mount Battock, and 
also the angle at A between Mount Battock and the north meridian. Next take the 
point, D, in the meridian line whose distance from A is equal to the side A — Mount 
Battock. Join D with Mount Battock and Scarabin, then we can determine the side D— 
Scarabin, and its inclination to the north meridian at D. Next take a point, G, in the 
meridian line whose distance from D is equal to the side D—Scarabin, and join G with 
Scarabin, Fitty, and Foula. Next take a point, H, in the meridian line whose distance 
from G is equal to the side G—foula, and join H with Foula, Yell, and Saxavord. 
From Saxavord drop a perpendicular upon the meridian line, meeting it in S, then we can 
obtain HS, or the distance from Easington to 8, and the perpendicular just mentioned, 
which is only about two hundred feet. 
The following table contains the calculation :— 



































Logarithmic Sines 
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Names of Stations, Spherical Angles. Log. Distances. {Distances in Feet. References. 


o 
Reduced Angles. 


FS SETTERS [NES SERA STROSS: | ra NR RSS eg NT IS 





/ fi 
Hart Fell pegeesuaeees 98 36 51-175 | 9-99507489 | 5°62539455 | 422079-79 
Cheviot  .ccccccecees 43 31 13°533 | 9:83796207 | 5-46828172 | 293955-59 | A 27, page 4538 
Ben Cleugh.......6 | 37 52 13:190 | 9°78806486 | 5-41838451 | 262050-211 aA 4 5 437 
180 0 17-808 3 
Dunrich ...cccsceeee 126 30 44:697 | 9-9QO51 1451 5°62539455 | 422079-79 
Cheviot ..sccesseee 28 56 46-871 | 9°68482354 | 5-40510357 | 254157-88 | A 30 4 458 
Ben Cleugh ........ : 24 32 38-903 | 9°61844427 | 5°33872431 | 218134-48 | A 27 4, 439 
; 180 0 10-471 
Sayrs Law siteaain » | 142 58 33-534 | 9-77975369 | 5°74102635 | 550841-12 
Cheviot ..ccccccesses 26 8 3-492 | 9°64390889 | 5-60522155 | 40292252 | A 21 yy 457 
Mount Battock ... 10 53 32-828 | 9°27634792 | 5:23766058 | 172846-50 | A 24 4, 439 
180 0 9854 
Ben Cleugh weeuweaes QO 53 22-560 9°99994802 | 5:74102635 | 550841-12 
Cheviot ....056. cae 39 6 25-168 | 9°79984162 | 5°549091993 | 347472-:10 | A 32 4 458 
Mount Battock ... 50 0 46-728 | 9-8843 1622 5:62539455 | 422079-79 
180 © 34-456 
Ben Macdui....... IoL 2 23°384 | 9:99189031 | 5:69327789 | 493489-46 
Scarabin ....-sccceee 2% 12 39-972 | 9°57748334 | 5:2788 7091 | 19005133 | A I x 452 
Mount Battock ... | 56 45 15-069 | 9:92236723 | 562375481 | 420489-17 | A 20 5, 451 
| 180 0 18-425 
Mount Battock ... | 49 31 61-184 | 9-88124869 | 5-57740724 13 77926-41 | A 29 4, 452 
Scarabin .ccccocceves, 33 52 44°216 | 9-74617270 | 5+44233125 276905:29 | A 5 45 453 | 
Mormonth ..... ses 99 35 39°019 | 9-99711934 | 5:69327789 493489-46 
180 0 24-419 
Ben Hutig ......0.- 77 5L 53°492 | 999018249 | 5:6078 400% | 40 359-21 
Witty Hill... »}| 3% 6 28-047 | 9-71317378 | 5-33083134 ee A 3 3 444 
Scarabin cecceecscees 7X1 57°75° | 9:97575070 | 559340827 | 392110-33| A 19 5, 446 
180 0 19-283 ! 
Ben Clibrig oceeeeees 57 22 6-128 | 9°9253 8537 5:6078 4005 405359°21 
| Witty fill eer ere Ig I0 39-581 | 9°51650375 | 519895844 | 15810967 | A gQ 4, 445 
Scarabin sesscesseee 103 27 29-929 | 9-98791022 | 5:67036490 | 468128-30 | A Ig 5, 446 


180 0 14-638 | 
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SP Ss SS ts Ss SS SS 


Names of Stations. Spherical Angles. ) Log. Distances. {Distances in Feet. References. 
Reduced Angles, 
Hasington...ee seves 38 48 58-680 9°79712273 | 5:45746797 | 286726-59 
Cheviot seneneeeneys FO 35 44°371 | 9:97459580 | 5°63494110 | 431460-56 
Ay aciasansvencevedant ss 70 35 44:371 | 9-97459586 | 5-63494110 | 431460-56 | A 8, page 437 
180 0 27-422 a ‘ 
Cheviot ccocsscscces 82 © 12-512 | 9-99575285 | 5-76680739 | 584530-79 
Mount Battock...... 29 3 54°253 | 9-68641343 | 545746797 | 286726-59 
tA iets Sidaneeaneste 68 56 29-986 | 9-96997181 | 5-74102635 | 550841-12 
180 0 36-751 
AY ceeeadivinescinvawsse 40 27 45°643 | g-8121 7011 | 560662719 | 404228-74 
| Mount Battock ... 69 46 33°223 | 9-9723 5031 | 5+76680739 | 584530-79 
scasanasenies sssseeve | 69 46 33-223 | 9-97235031 | 5:76680739 | 584530-79 
180 0 52-089 
| Mount Battock...... 87 33 57°721 | 9-99960662 | 5-79550966 | 624467-25 
Scarabin ..s.cccscese 40 17 59-898 | 9-81072415 | 560662719 | 404228-74 
eee recccecenconrenees 52 8 49°1I97 9°8973 7484 569327789 493489+46 
180 o 46-816 
Scarabin os... sesseee | 60 58 20-096 | 9-94167231 | 5-79550966 | 624467-25 
Lb Dsieseacteasmeessaens ~| 58 4 37°540 | 9-92875110 | 5-78258844 | 606161-63 
F iscisoesiesesmeastess. |. “00°58 20-095 pene a: 5°79550966 | 624467+25 
180 0 77-731 
| G cesecseerevccereenees AI 44 38-159 | 9-82331466 | 560784005 | 405359-21 
Scarabin .csccscceees 42 51% 21-675 | 9-83258037 | 5:61710576 | 414100-51 
Witty Hill ......00 95 24 39-410 | 9:99806305 | 5-78258844 | 606161-63 
180 0 39:244 
Fitty Hall ......... 73 1 48-585 | 9-98065909 | 5-66241275 | 459634-64 | — 
ieee spagmaeaseeseees 47 28 9-794 | 9-86739308 | 5-54914673 | 354116-96 | A 26) 4, 446 
Wola ..ccocsessosees . 59 30 36-553 9°9353 5210 5*61710576 | 414100-51 
180 0 32-932 
(yet ccakecbeentavives 29 48 53°953 969650172 5: +3737 8119 23647296 
| Foula ....ceccscesees 75, 5 45°354 | 9-98513336 | 5°66241275 | 459634-64 
ee eee 75 5 45°354 | 9-98513336 | 5:66241275 | 459634-64 
180 0 24-661 | ° 
Foula ..ssssceseesses | 23.35 5:470 | 960216749 | 4:98412328 | 96410-26 
EL sigstateradanssncsiexs 77 29 53:162 | 9-98957751 | 5°37153330 | 23525199 | O 5 3 443 
Ol l aséssncncrentsuyss 78 55 6-593 | 9-:99182532 | 5:37378112 | 236472-76 
180 0 5+225 
| Yell vedebvenkowaterds 129 7 46-789 | 988970599 | 5°27492916 | 188334-19 
Saxavord wessececeess 23 23 49°939 | 9-59890012 | 4:98412328 | 96410-26 
El, wsnsesuveiaas csesies 27 28 25-238 | 9-66401945 | 5:04924262 | 112006-34 |] A IO 3, 443 
180 oO 1-966 
a rer aecee O 4 3-755 | 7-0728921I~ | 2-3474 5195 2.2956 
| SASAVORE seereereseee | 89 55 56-255 | 9:99999970 | 5°27492886 | 188334-05 
SS: causaevaienes OC osseeeees 89 59 60000 5+2749 2916 188334-19 
180 0 0O-010 
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~ Tn order that no doubt might rest upon this determination, another calculation was 
made, using a different scries of points (see Figure 2, plate xviii.) The distance 
Easington—Hartfell was first obtained, and the angle Hartfell—Easington—Cheviot. 
Take a point, K, in the meridian line (the same as previously used) passing through 
Easington, so that the distance Easington to K may be equal to the distance Easington— 
Hartfell, and join K with Hartfell and Ben Macdui. Take L in the same meridian line 
at a distance from K equal to the distance K—Ben Macdui, and join L with Ben Macdui, 
Ben Clibrig, and Fitty Hill. Next take a point, M, in the meridian line, so that LM 
shall be equal to the line L—F itty Will, and join M with Fitty Hill, Ronas, and Saxavord. 
The right-angled triangle Saxavord—M—S will give MS, or with it the distance Kasington. 
to Saxavord, and the perpendicular from Saxavord upon the assumed meridional line 
through Easington. 


The calculation is shown in the following table :— 


! 
Logarithmic Sines | 
f 


Names of tations. Spherical Angles. fe) Log. Distances. {Distances in Feet. : References. 
. Reduced Angles, 
o / | ‘i | 
Cheviot ...sceceeeee 124 46 24-416 | 991457252 | 5-79204717 | 619508-36 , 
Teasington  -eesseeee 20 20 3°494 | 9°54090987 | 5°41838451 | 262050-21 | A 2, page 437 
Hart Fell  .ccccoee 34 53 53°918 | 975746645 | 5°63494110 | 431460-56 | aA 8 i» 437 
180 o 21-828 
| Cheviot ss... seeveee | 54 12 16-974 | 9:90906864 | 5-54678995 | 352200-49 | 
Easington  seccseees 42 16 33-386 | 9-82780409 | 5:46552539 | 292095°85 | A 5 4 437 
Cross Fell ......... 83 31 33°665 | 9:99721979 | 5-63494110 | 431460-56 | a 8° 4 437 
180 0 24-025 
Cross Fell ....0006. | 133 51 44°455 | 9°85795218 | 5-79204717 | 619508-36 , 
TASINGLON ss eoveee 21 56 29-893 | 9-57244548 | 5-50654047 | 321026-19 | A 3 5 437 
Hart Fell........ — 24.12 4-815 | 9-61269496 | 5+54678995 | 352200-49 
| | 180 oO 19-163 
| Ben Lawers......... 127 56 21-158 | 9-89690181 | §:78512472 | 609711-97 
| Hart Fell......csee0 16 39 18-139 | 9-45724638 | 5+34546930 | 221548-75 | A 3 4, 450 
+ Ben Macdui......... 35 24 39°093 | 9-76298706 | 565120997 | 447929°82 | Aig 4, 457 
180 0 18-390 eee ae 
Sayrs Law ......... II12 29 42°145 | 9-96563773 | 5:78512472 | 609711-97 
1 Ben Macdut......... 19 30 16-701 | 9°52354806 | 534303505 | 220310-43 | a 24, 439 
ITart Fell... s.cccoese 48 0 24-611 | 9-87110529 | 5°69059228 | 490447-23 A 2I 35 457 
180 0 23°457 | 
Foula «+ssseeveseoees 169 34 57°385 | 9:25725165 | 5°73084564 | 538078.s0 
Titty Hill......... tae 3 35 9°334 | 8-79586133 | 5°2694.5531 | 185975°32 1 A 5 4 443 
RONAS seeeeeeees atann 6 50 5:977 | 907555274 | 5°54914673 ! 354116-96 | A 26 5, 446 | 
180 0 2-796 . 
Fair Isle ....00.++++. 115, 7 20-954 | 9:95684847 | 5°73084564 | 538078-50 
Fitty Hill... 37 36 54-821 | 9°78556389 | 5-55956106 | 362711-28 | aA 3 5, 449 
Romas cecccescsvecese 27 16 5:218 | 966098383 | 5-434g98100 %72258-22 | A 26 yy 446 


180 0 20-993 
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. ee, Sines 
Names of Stations. Spherical Angles. of Log. Distances, {Distances in Feet. References. 
Reduced Angles. 
Easington psaweretuees 59 9 2-174. | 9°93371701 5°7863 7541 611470-37 
Hart Fell .....csecee. 60 26 7:027 9°93938877 5°79204717 619508-36 
TK saneveue see eeecesues 60 26 7-627 | 9:93938877 | 579204717 | 619508-36 
180 0 77-428 
Hart Well sicscccevess 63 I9 39-298 | 9-95110953 | 5:80684175 | 64097598 
Ben Macdui......... 58 28 51-122 | 9:93064319 | 5°78637541 | 611470-37 
stedeguaaacs oeeacces 58 12 47-855 | 992939250 | 5°78512472 | 609711-97 
180 0 78-275 | 
Ben Macdul.......0 59 20 10-088 | 9:93455111 | 5°80684175 | 640975-98 
Wes coven es ie cbeeusene 61 21 4519 | 9°94325196 | 5°81554260 | 653947-08 
Li -sescea sasesweueicenen® 59 20 10-088 | 9:93455111 | 5:80684175 | 640975-98 
180 0 84-695 | 
Ben Macdul......++ 75 29 30:444 | 9-98591334 | 5-84174859 | 694622-09 
re eseeseereeseree | 38 49 17+535 | 9°79713766 | 565297290 | 449751-79 | A 21, page 451 
Ben Clibrig ......... 65 42 18-901 | 9:95970736 | 5:81554260 | 653947-08 
180 0 66-880 
Ben Clibrig....... 6 | 60 52 53-226 | 9:94129387 | 5-79279421 | 62057490 
oor teteesecennees 41 13 38-707 | 9-81886456 | 5-67036490 | 468128-30 | A 19 5, 446 
Witty Hill ......... 77 54 34°779 | 9°99024825 | 5-84174859 | 694622-09 
180 0 66-712 
eeenee ese eeeeeneeees- 40 36 53-670 | 9°81351397 | 5:63417002 | 430695-19 
Fitty Hill...... suiien 69 42 2°597 | 9:97213815 | 5°79279421 | -620574-90 
M vcnaasene susie: sedges 69 42 2597 | 9°97213815 | 5°79279421 62057490 
180 o 58-864 | , | 
Witty Hill.......esee 36°25 29:867 | 977358717 | 5-50444385 | 319480-13, 
RONDA ..cccccesceeees 53 10 20676 | 9:90331334 | 5:63417002 | 430695:19 
M .sesescrensscesoeees gO 24 41-763 | 9:99998896 | 5-73084564 | 538078-50 
180 0 32-306 . | 
Ronas seccsccccoesces 114. 35 40-908 9°95869842 | 5:60998713 407368-21 
M sssscsscesenscsessese 19 55 8-025 | °9-53233876 | 5:18362746 | 152625-63} A 8 4, 443 
Saxavord vrcccccoeees 45 29 21-476 | 9°85315515 | 5*50444385 | 319480-13. 
180 0 10-409 | a 
ME saeco vhesleseweneun O I 52:385 | 6-7362569- | 2+34624405 2.21°4. 
Saxavord ...seccosees 89 58 7-636 } 9:99999994 | 5:60998706 | 407368-14 
seeonees tusvecessecee | GO O 0/000 5°60998713 | 407368-21 











180 oO o-02I 





_.. fs be the distance of two points, A B, whose reciprocal azimuths are « «’ measured 
from the north, and if the line be very nearly in the direction of the meridian, the distance 
of the parallels of the two points will be 
sin =(2! — a) 


=i 
sin =(« + a) 
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When the azimuth is given at only one extremity, A,* 


ee ane 


cos(A + @) 
where v is the normal at A, whose latitude is a, and 4 results from the equations = v 6. 
The reciprocal azimuth e’ is given by the equation 
sina’ cosa 
sine cos(A+é@) 
with sufficient exactness for the purposes required at present. 


Distance of Parallels of Hensbarrow and Ben Hutig. 


At Precelly, Lundy reads + + + + = 355 17 53-498 


% Snowdon reads + + + + 200 30 38-680 


”, Angle Snowdon—Precelly—Lundy + + + + 154 47 14-818 
3,  Snowdon—Precelly—South Berule + + 18 54 25-964 
»» Lundy—Precelly—Hensbarrow -+- + - 5 44 35°498 








“. Angle Hensbarrow—Precelly—South Berule + 179 26 16-280 


At South Berule, Snowdon reads + + + 341 43 50°434 
5 Merrick ,, » « «© 186 38 19-850 


. Angle Merrick—South Berule—Snowdon + + 155 3 30-584 
»  Snowdon—South Berule—Precelly - - 20 0 1-984 
»»  Merrick—South Berule—Ben Lomond . 6 3 45-541 








”. Angle Precelly—South Berule—Ben Lomond + 181 7 18-109 


At Ben Lomond, Ben Nevis reads- + + 161 28 57-615 
5 Knocklayd 5, + + + 42 19 7-078 





”. Angle Ben Nevis—Ben Lomond—Kmocklayd + 119 9g 50-53% 
»  Knocklayd—Ben Lomond—Merrick + + 47 26 35-146 
» Ben Nevis—Ben Lomond—Merrick + + 193 23 34317 
3  Merrick—Ben Lomond—South Berule - 5 43 28-049 
»» Ben Nevis—Ben Lomond—Ben Wyvis + 19 37 29-537 





“, Angle Ben Wyvis—Ben Lomond—South Berule 179 29 32-829 
SS ae eS eect ke 
* If 90° —A — @ + x be the third side of a spherical triangle of which the other sides, 90° — a, and 6, include 
the small angle a, then sin(a + 6 — x) = cos @ sin A + cos Asin 6 (1 — 2 sin? 4a), therefore, neglecting the 
square of 2, | 


cosa sin é . 1 
ar re ewe 2 
cos(A + 6) SY 3% 
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° a 
At Ben Wyvis, Ben Hutig reads - + + 182 16 1 3°455 
9 Ben Nevis _,, a Iq 47 44°235 





Angle Ben Hutie—Ben Wyvis—Ben Nevis: - 192 31 30-780 
» Ben Nevis—Ben Wyvis—Ben Lomond’ ~ 13 38 40-542 











”, Angle Ben Hutig—Ben Wyvis—Ben Lomond - 178 52 50-238 


If to the reading of Lundy at Precelly we add the angle Lundy—Precelly—Hens 
barrow, we get 1° 2’ 28”.996 for the reading of Hensbarrow at Precelly. Now the true 
azimuth of the referring-object at Precelly was 211° 58’ 46-38, whereas in the list of 
bearings (page 144) it is given as 211° 58’ 30”-09; therefore all readings at Precelly 
have to be corrected by the quantity + 16"-29, so that the true azimuth, measured from 
the north, of Hensbarrow at Precelly is 178° 57' 14”-714. The angle Lundy— Hensbarrow 
—Precelly, 5° 41’ 19'-185, when applied to the reading of Lundy at Hensbarrow gives 
181° o' 43”-591 for the reading of Precelly at Hensbarrow. The correction to reduce the 
readings at Hensbarrow to the true meridian is — 5”-19 (see pages 118, 197). Therefore 
the azimuth, measured from the north, of Precelly at Hensbarrow is 1° 0 38° +761. 


The calculation* of the successive distances of parallels from Hensbarrow to Ben 
Hutig is as follows :— 


HENSBARROW TO PRECELLY. 





a = 1° Of 39” a’ = 178° 57’ 15” 
af — a4 = 197° 56’ 36” Log sin (88° 58’ 18”) + + 999993004. 
a + @ = 179° 57! 54” — Log sin (89° 58’ 57”) + + o 2, 
Log Distance + + + + + 5975621434 
Distance of parallels = 570353-88 - + + + 5-75614440 

PRECELLY TO Soury BERULE. 

a = 1° 36’ 29” Log Distance + + + 5:905697 
— Logvsini”+ + + + 7-992886 
Log Sind - + + 8.584029 Log (@ = 7917”) + + 37898583 


vot 8 8% 7321539 
, Cosh s: «» « 9-789864 Se ee ee ee ae ee 9789864 
9» Sec (A + 6) + O292g0r © 6 6 ee ee 8 ee 600932301 
» Sin?La + +. 6-294268 Sine - + + 8-448rar 
4 Correction = 166-73 + + 2222001 Sine’ + + + 8470286 


o ov «4 
a’ = 178 18 28 
181 7 18 


359 25 46 


ree a aa et a 
* The approximate latitudes used in these calculations are— 
°o é di 
Preeelly . . . . 51 56 46 Ben Lomond . . . 56 11 25 
South Berule . . . 54 8 58 Ben Wyvis . . «+ 57 49 45 


358 
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Sourmt BERvULE 710 Ben LOMOND. 
a = 0° 34’ 14” Log Distance 
= Log v sin 1” 


Log Sing + + + 8.550706 Log (§ = 7332”) - 


9 Uf # 8 8 F°32T592 
9» Cosa + + + g767655 . 


9 Sec (A + 6) - 0254537 * + © © © «© « . 
» Sim 74a- + 5-394286 Sina - 
+ Correction = 19-44 - + + 1+288776 Sin «’ . 
oO / 4/ 
a’ = 179 23 58 
179 29 33 
358 53 31 


Ben Lomond T0 BEN WYYVIS. 


a= 1° 6% 29”. Log Distance 
— Log v sin 1” 
Log Sing - + + 8413880 Log (@ = 5350”) - 


9 «CU ® * * ° 7°321641 
» Cosa + + + g7454t6 . 
3 Sec(A + 8) + 0271889 . 





» Sin 7d3a-+- + 5.g70804 Sing - 
+ Correction = 52:92 + + + 1-723630 Sin a’ - 
4/ 
a! = 178 50 49 
178 52 50 - 
. 357 43 39 
Brew Wyvis To Ben Hurre. 
a = 2° 16’ a1” Log Distance 


— Log v sin 1” 


Log Sin -* + + 8-182073 Log (9 = 3137”) - 


9 Vo 8 8 8 9038971696 
» Cosa-« - . 9-72.8077 


39 Sec (A of 6) e 0-289541 ° e ° ° . . * . 
ey) Sin ? 3; ae + 6. 594646 Sing - 
4 Correction = 128-53 + =+ ~-109073 ee ae 


Azimuth of Ben Wyvis - - ~« « = 177° 40! 16” . 


Summation. 


Hensbarrow to Precelly - + + + + 570353.88 — 


5:872413 
7°992833 
3:865246 


9°707655 
0°254537 
7°998168 
8-020360 


5°735002 
7°992784. 
3-728386 


9°7454.16 
0-271889 
8286412 


8+303717 


5*503730 
7°992749 
3490479 


9°728077 
0°282541 
8-598267 
8608885 


at Ben Hutig. 


Precelly to South Berule - - - + + 804815-9¢ — 333-46 


South Berule to Ben Lomond. . . . 745440-84 — 


38-88 


Ben Lomond to Ben Wyvis - - .°. 544004:27 — 105-84 
Ben Wyvis to Ben Hutig - - . - . 318955-81 — 257-06 





-, Distance of Parallels of Hensbarrow | 
and Ben Hutig , ... im, 








= 2983570-75 — 735-24 = 2982835-51 
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Distance of the Parallels of Dunnose and Saxavord. 


At Dunnose, Beachy Head bears .- . - - .- 261 55 18-383 By Azim. Obs. at Dunnose. 
Angle Beachy—Dunnose—Arbury - + + + + + + 82 11 39-363 | 


At Dunnose—Arburybears - - + + + + 199 43 39-020 


At Arbury, Dunstable bears’. - + + 5 +) +) 310 347 32-253 By Azim. Obs. at Arbury. 

Angle Dunstable—Arbury—Whitchorse soe 6 + 6) 68 14 58-794 

35  Whitehorse—Arbury—Leith +. . - +.” 4% 40 4o-142 

_ Leith—Arbury—Dunnose - - + + + + + 26 30 47-694 

At Arbury, Dunnose bears - + + ++ + + + 359 42 58-599 

At Arbury, Bardon bears §- + + + + + + 172 16 46-048 By Azim. Obs. at Arbury. 
Angle Bardon—Arbury—Clifton + - + + + + . 7 28 8-509 
*- At Arbury, Clifton bears: + + + + + + + 199 44 54.B5y 


\ 


At Clifton, Lincoln Minster bears - + + - - 298 21 247-421 By Azim. Obs. at Clifton. 
Angle Lincoln—Clifton—Bardon - - - + + + + 66 19 37-664 
*,,  Bardon—Clifton—Arbury .- - .- . . . . 4 86 32-815 | 
+, At Clifton, Arbury bears. - + - + «© + « 959 44 32-242 


At Clifton, Great Whernside bears: - + - + 144 & 43-126 By Azim. Obs. at Clifton. 
Angle Great Whernside—Clifton—Ensington - - + 44 8 34-230 


At Clifton, Easington bears» + - + + + + 49r 14 17-356 
At Iasington, Wordeslow bears: - + + + + 130 17 2-505 By Azim, Obs. at Easington. 


Angle Wordeslow—Easington—Whernside - - + + 70 41 35-082 
»»  Whernside—Easington—Clifton - - - + + 48 2 42-394 


At Easington—Clifton bears + + + + + + IF 32 45-029 
DUNNOSE TO ANBURY. 
“a= Py 16 ar 
a’ = 179 42 59 fo Log Dist... 5+76816675 
e+ a= 179 59 20 + + + 89 59 40 + + + + COSC. + Oreseeee coves 
a’ —a= 179 2638 - - + 8943 19 + + + + Sine + + 999999489 
Distance of parallels = 586356-36 Log + + 576816164 
ARBURY TO CLIFTON. 
a= O15 § | 
a=. 179 44 32 oof 4 Log Dist.» 5-65343405 
a be = 179 59 37 6 * 89 59 485+ © + © Coser + + Oresessecenes . 
@—a=179 29 27 + + + 89 44.435: + + + Sime + + 9-99999571 
Distance of parallels = 450225-16 Log + + 565342676 
CLIFTON TO EASINGTON. 
“= IT 14 7 
a’= 168 24 15 ie - is ob Log Dist.» 5-61537072 
a +a = 179 41 32 + + + 89 5046 + © © + Cosec, + Orseesecee 157 
ao —~ a= 157 12 58 + - + 8 3629 - - - + Sine - + 999135854 
Distance of parallels = 404325-22 Log - + 5:60673083 
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EASINGTON T0 BuRLEIGH Moon. 


Oo ¢f «4 
a= 86 50 2410 


Log Dist. + + 4:6261173 (Dist. + + + 9+25223 
Cosa + + + 87413405 Sin? + + + 9-99868 
2330°55° * + 3°3674578 Tana + + + 0+14787 


(2v)"F + + 2637736 
—59°72 © © © © © e 8 6 8 8 ee 1-77614 
22470:83 = Distance of parallels. 
| Summation. 
Dunnose to Arbury- + + + + + + + + 586356-36 
Arbury to Clifton - + % © + «© © © + 450225+16 
Clifton to Easington - + © + © © © © 404325+22 


Easington to Burleigh Moor + + + + «+ > 2.27083 
Distance of parallels of — and Burleigh Moor = 1443177-57 
Dunnose and Easington = 1440906 -74. 


For the distance of the parallels of asington and Saxavord, we have— 


By first Calculation, pages 500, 501. By second ee pages 502, 503. 
EasingtontoA + - 431460-56 Easington to K : 61950836 
AtoD + + + 58453079 KtoL + + + 640975-98 
DtoG@ + + + 624467-25 LtoM - + + 62057490 
GtoH - + + 459634-64 MtoS + + + 407368-14 
HtoS + + + 188334-05 
Easington toS + + + 2288427-29 Ivasington toS + + + 2288427-38 
Tgasington and Saxavord = 2288427-33 


Distance of parallels o 
PP ap Dunnose and Saxavord = 3729334-07 
By the first calculation of the connection of Easington and Saxavord, the bearing of the 
latter iso” Oo’ 20-130 east of the assumed meridian line at Easington. By the second 
calculation it is 0° 0’ 20”-044, which differ by a tenth of a second only. ‘The mean is 
0° o’ 207-087 ; so that-the 


Angle : Cheviot—Easington—Saxavord = 38 49 18. 267 


By the first calculation the distance of Saxavord from the assumed meridian at 
Easington is 222-56; by the second calculation the same distance is found to be 221-94. 


SECTION IX. 


OBSERVED ZENITH DISTANCES 


AND 


ALTITUDES. 


As the position of a point in space is determined by three co-ordinates, so the position of a 
point on the carth’s physical surface is incompletely given without its three co-ordinates 
of latitude, longitude, and altitude; the latter co-ordinate being the distance of the point 
in question from the mean surface of the earth, or rather from the mean surface of 
the sea. | | 

Regarded as a part of the principal triangulation, the accurate determination of the 
heights of the trigonometrical stations by vertical angles has been considered a matter of 
secondary importance, inasmuch as It belongs more properly to subsequent operations. The 
co-efficient of refraction is a quantity so variable, that at great distances the average of any 
number of observations, however large, cannot be entirely relied upon. 

When the determination of altitudes becomes a matter of primary importance, the 
stations must be within a short distance of each other, or no very consistent or accurate 
results can be obtained ; for the uncertainty of refraction being as the distance, the uncer- 
tainty of difference of height is as the square of the distance. If we suppose, for instance, 
an object at fourteen miles’ distance to be observed, and that in the calculation of- the 
difference of height between this point and the point of observation an error of -o2 is made 
in the assumption of the co-efficient of refraction that ought to be used—as is quite possible 
if the number of observations be small. and taken under similar circumstances—then the 
error in the assumed zenith distance will be -o2 sin 12’ and the error in height +02 sin *12/ 
multiplied by the radius of the earth, or 5-1 feet, whereas had the distance been about seventy 
miles, or one degree, the error in the assumption of the truc zenith distance would have 
been -o2 sin 1°, and the resulting error in the computed difference of height -o2 sin 71° 
multiplied by the radius of the earth, or 127-4 feet. But if the observations had been so 
numerous that the mean refraction, due to them all, approximated to a mean refraction 
derived from a combination of a great many zenith distances, then the errors would probably 
be much smaller than those exhibited above, which are only possible errors. 

.The precision of the results is very much increased by simultaneous and reciprocal 
zenith distances. This case, however, does not exist in the Ordnance Survey, for the 
observations, though generally reciprocal, are not simultaneous. 

The vertical observations with the larger theodolites are generally numerous (at Icast 
in the more modern observations), and taken under all circumstances. In the vertical 
circles of the two 3-ft. theodolites one division of the micrometer is equivalent to 3”; in 
the 2-ft. theodolite one division of the micrometer is equivalent to 2”. In the 18-inch 
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theodolite the vertical circle is read by verniers to 10”. The practice has been to record 
in each observation the vertical reading of the object after the horizontal reading: this 
applies more especially to those stations visited since 1839, the older observations not being 
so numerous. , 

In some cases the vertical observation is taken to the top of the pile, sometimes the 
base of the pile or surface of the ground, and sometimes to a heliostat. The observations 
to a heliostat are generally more regular than the observations to the sround at the same 
point, the former being a better object for bisection. In some cases the height of the 
observing telescope above the ground has been omitted to be recorded, and consequently a 
mean height of 5-5 feet has been assumed. | : 

Let h h’ be the heights of two points AB above the surface of a sphere whose radius is 
r, and let the distance of their projections on the sphere be s, this arc subtending an angle 
w at the centreC. Let z + A z be the true zenith-distance of the point B at the point A, 
and 2’ + A z’ the true zenith-distance of A at B, then the angles of the triangle ABC 
are 180° — (z + Az), 180° — (2 + A 2’) and v, and the two sides including the angle 
v, are r + hand r + h’; hence we obtain immediately, | 


wee ze+t Ar’ + Az= 180 + v 
W’ —h t , ; i t 
Ene oe ee 2) a 
h’ +h 3? 
cee Lee ): 


.W—h=stanti(2’ — ‘— I ear 
Ee [i h= stan} z+ Az Az) ( a me yer 


If we here take z and 2’ to be the observed zenith-distances, then A z and A 2’ are the 
refractions at A and B respectively. The usual assumption is, that A z = A 2’, which, 
however, is not true, except in particular cases that may occur. If & be the co-efficient of 
refraction, then A z = A 2’ = kv, and the above equation gives the two following :— 


I — ah h’' + ih a 
hr’ —h = s cot (2 x “e | (1 + ae : )} 











2r 127 














the EG I 
To; W+h s? \ | (1) 
h— h' = s cot (2’— v) (x + ea ;) 
| 2 27 I2r 
or, if the reciprocal observations be used, 
Wi’ +h s? 
h’ —h =s tan+ (2 — z) (1 A —— =A) per Gea ee (2) 


In general, when 2’ and z are given and not simultancous, it will be more advantageous 
to obtain the two independent values of h’ — h by means of a co-efficient of mean refraction, 
and to combine them with reference to their weights; so that if z observed n times gives 
h’ — h =e, and 2’ observed n’ times gives h’ — h = e’, then 


ne -+- ne’ 


a 
ae ears (3) 


The co-efficient of refraction (which is sometimes and perhaps more properly referred 
to the whole ray, and then expresses the ratio of A z + A 2’ to v) may be obtained from 
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the reciprocal observed zenith distances z and 2’ of two points; for 
z+t27+Az+ Adz’ = 180 + v 


/ an; ° 
Fa eh reanee ane) 


v 


It may also be obtained by means of the observed mean zenith distances of two points 
whose heights have been previously ascertained by some more precise operation, as levelling ; 
for if H’ Hf be the heights of the points, Z’ Z the true reciprocal zenith distances, 
and / the mean of H’ and -H, 

1(Z’ + Z) = 9° + 40 





; _, sit —~H h Ne (5) . 
4 (2 — 2) = tn"* (“TS fr - 5 - at) 
and if 2’ and z be the observed zenith distances, then 
= IT was aot 
baa Sand he eed giles aanler ce see (6) 
Vv v 


The above equations have been deduced on the supposition of the earth being a 
. sphere; but it is easily proved, that if the normal for the mean latitude of the two points 
be used as the radius of the sphere, the remaining errors due to the eccentricity are quite 
inappreciable. 

The path of a ray of light joining two given points, inasmuch as it depends upon the 
refractive power of the atmosphere at every point through which it passes, is necessarily very 
variable. It 1s not, however, without some obvious laws ; for refraction by night, for instance, 
is well known to be greater than by day. When observations are recorded as having 
been taken at some early hour in the morning, as 5 A.m., and from that time until 8 a.m., 
they almost invariably show a smaller zenith distance than during any other part of the day ; 
sometimes the difference is very considerable, and shows that no vertical observations 
should be taken early in the morning. ‘Towards the middle of the day the zenith distances 
seem to diminish, and again increase towards evening. ‘These rules, however, are not 
invariable, for at the station on Hart Fell, at which the 2-foot theodolite was used, a remark- 
able case of refraction is shown, when from 1 p.m. till 3 p.m. the refraction was double its 
mean amount. ‘This was in the month of September.” 





'* A series of observations for determining the daily variations of refraction were carried out by 
M. Hossard, at Angouléme, during the months of May and June 1844. The observations were made half-hourly, 
from daybreak till twilight; and the object observed was at a distance of about 13 miles. To exhibit more 
clearly the laws of the variation of refraction, daily curves were constructed from the observations, having the 
time as abscissa, and the corresponding ordinate being tho refraction. The consideration of these curves, 
which were very consistent with one another, lead to the following conclusions :—The refraction is greatest about 
daybreak; from 5 or 6 a.at. until 8 A.sr. it diminishes very rapidly ; from 8 a.m. until 10 a.m. the diminution is 
slow ; from to a.m to 4 pat. the curve remains nearly parallel to the axis of abscissas, or the refraction is nearly 
constant ; from 4 P.at. the refraction commences to increase. The comparison of the curves with one another 
shows that the maximum refraction about daybreak is very variable, both in magnitude and as to position or 
time: during the daytime, however, from 10 4.x. until 4 p.M., the variations from day to day are very small, notwith. 
standing’ any changes in the thermometer and barometer, upon which the variations do not depend so much as 
on the rapidity of the diminution of temperature. : 
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The co-efficient of refraction has been observed of all magnitudes from -50 to -oo, and 
even negative refraction has been observed in a few instances. The smaller the altitude 
the larger, generally, will be the mean co-efficient of refraction. The large co-efficients 
exhibited in the operations at the Lough Foyle base are due to the smallness of the altitude 
of some of the stations. Delambre determined the mean co-efficient of refraction at +07 786, 
which is probably larger than it ought to be, as his instrument gave zenith distances too 
small. The determination of Bessel, from his operations in Prussia, is -0685. Gauss, from 
his observations, obtained +0653; Corabceuf, -0642; Struve, -0618; and the mean 
co-efficient derived from the operations in France 1s -0665. 

M. Struve has given the following formula for the co-efficient of “normal refraction,” 
that which exists previous to and just after mid-day, 


— T) 








=) 


i (.07238 ary 1-011838"" 


B 
736-586 
in which A is the mean height of the ray above the ground, expressed in metres; B the 
height of the barometer in millimetres, and reduced to the freezing point; and T the 
temperature of the air in centesimal degrees. 


When a number of points, connected in a network of triangulation, afford by the 
vertical observations the means of ascertaining their relative altitudes, these observations 
should be so combined as to furnish the best and most probable results. 

The first operation is the ascertaining the value of the co-efficient of refraction: this, 
as before stated, may be determined cither by reciprocal zenith distances, or by the com- 
parison of observed zenith distances with the corresponding true zenith distances, calculated 
from known heights of mutually visible points. 

Each pair of reciprocal mean zenith distances will afford a value of /, the co-efficient 
of refraction, and all values of & thus obtained must be combined with regard to their 
weights in obtaining the mean value of k. Now the value of & in each case will depend on 
the number of observations at each end: if one zenith distance be observed a times, and 
the other J times, then, so far as the number of observations goes, the weight is the product 
divided by the sum of those quantities. But cach value of & is affected both by variability 
in & itself, and by errors of observation. If we suppose, first, / constant, and ascribe the 
different values of & to errors of observation, and, secondly, suppose & to have slightly 
different values, or to be variable within small limits, and suppose no errors of observation, 
then the weight in these separate cases would. be 





abs a j ab 


atb a+b 





Now, neither of these suppositions is truc, but the truth probably lies between; we shall 
therefore assume for the weieht of each value of k, as M. Bessel has done, 


abs 
a+h 





o= 
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the mean value will then be 


pe et hyo, + h,w, + eoeees 
O, +o, +o, + eres 

When a value of / is derived by means of a zenith distance taken a-times, and compared 
with its true value calculated from the known heights of the two points, then its weight 
is’ avs; but such values should be combined with similar, and kept separate from the 
determinations arising from reciprocal azimuths. | 

The mean coefficient of refraction being determined, each zenith distance will give a 
difference of height: Ifs,2,2,.....: z, be the heights of the various points, the observed 
zenith distances will give, each, an equation of the form 

B—- y+ geo 
Should the points x; x, mutually observe one another, there will be two equations in 
%; and Ly; 
Xjw~-%, + q=o 
—~2+2,+q7=0 

All equations being formed, they must be solved by the method of least squares, 
regard being had to the weight of each, which will be as the number of observations and 
inversely as the distance, or, in other words, the quantity = (w («—.«'+7r)) must be 
made a minimum. : 

If, however, the points are very numerous, the solution of the above Stations will 
become unmanageable, from the number of eliminations required, and in this case a small 
- number of points must be taken at a time and determined as above. These results must 
then be used for the determination of others by the same method. 


The following pages contain the Mean Observed Zenith Distances, showing in each 
case the number of observations on which the mean depends. When the fourth column is 
blank, the object observed is the surface of the ground; though there are, indeed, a few 
cases in which there is no record. by the observer as to whether the observation was to the 
surface of the ground or the top of the pile. Those observations in which the object was a 
heliostat, are distinguished by the letter H. 


cae 
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OBSERVED ZENITH DISTANCES. 


Object | | Object 


| Zenith | No. ‘observed a ; ith ; ; 
Stations observed. a Obs. a Reduction.} Stations observed. ce | a eel ay Reduction. 
Surface. | Surface. 





SAXAVORD. Telescope above surface 5°5 fect. Ronas. ‘Tclescope above surface 5°5 fect. 





























| Brassa . . . 90 20 48° 5 2 — 4°4 | Saxavord .. 90 22. 55°5 2 — 74" 
} Yell. . . «| 90 16 3°5 2 —tIo'r | Ietlar . . . | 90 37 45°0 2 vce | IO" | 
|Ronas . . . | 89 58 45°5 2 ‘ — 7°4| Yell. . . . | 90 47 28-7 3 we | —17°6 
Balta . . . | Of 34 59°5 2 ws | —38°4 |] Brassa.. . . | 90 27 oto 3 we | — 71 
| Tetlar gO 24 I4°5 2 ow. | —14'9] Foula . . . | 90 14 53°0 I — 61] 
With a 7-in. Theodolite. Telescope 5°0 fect. Brassa. ‘Telescope above surface 5°5 feet. 
di 
Gerth of Scaw , 48 6: 10 ww. | —78°7 | Fairdsle . . 90 16 37° 3 7 fm 48] 
Nive Hill . . a 29 1593 23 |... | ~63°3] Foula . . «| 90 © 36°8 5 ve | G2 
Ronas . . . | 89 55 25°3 6 . | — 7! 
: Yell. .° . «| go It 51°79 6 oe | 7S 
Grertn or Scaw. 7-in. Theodolite. Telescope above { Saxavord . . | 90 15 21°0 “2 oo | om 4°4 
surface 5°0 feet. Fetlar-. . . | 90 16 45°8 6 ; — 6°2 
Balta.: . . 48 51 21° 7) 12 oe I= 430 RAGTK. : 
Nive Till 2. 89 soceaieel 16 a eee Kouta. Telescope above surface 5°5 feet 
| Saxavord . . | 86 14 I0°'O | Io wee (> 98°7 : 4 
_ | Ronas . . . go 10 39° fe) 2° 1 oe | — Grr 
Yell.) . . «| 90 26 I1°0 I a — 4°8 
Batta. ‘Telescope above surface 5° 5 feet. Brassa . . . | 90 24 6°3 3 — 6°2 
FairIsle . . 25 28°5 2 — 4°9 
of ou uw | Pitty Hill . . | go 32 I1°0 I — 3°2 
Fetlar . . . | 89 37 34°0 I —22°9 
Yell . . .« | 89 46 48-0 2 —12°3 
Saxavord . . | 88 30 670 I —38°4 _ Farr Istze. Telescope above surface 5°5 feet. 
. o 6 6COf if - “et 
With a 7-in. Theodolite. Telescope 5:0 feet. poe ee eee ee — 4°9 | 
| rasst . «20g | QO 15 38°0 2 — 4°8 | 
| Stronsay . . | go 24 16°0 3 * — 4°8 
| Gerth of Scaw . | go 12 28°6 | 15 .- | —43°0 | Pitty Hill .  . | go 20 31°5 2 os — 4°2 
Nive Hill .«-. | 88 35 7°o| 16 . | —68°2.] Ronas . . . | 90-17 34°0 2 ss — 31 
Fettar. Telescope abéve surface 5°5 fect. .  Frrry Hirt. aoecene above surface 5°5 feet. 
} Brassa . ., 90 8 20°s 2 .. | — 62 | Wart Hill me 89 48 312°0 4 - - 7°3 
f Yell. . . «| 89 52 53°3 2 we | —23°4} Foula . . go 16 25°5 2 we | = 3°2 
Ronas . - | 89 37 29°5 2 . | —10'4 | Fair Isle . . | go 16 37°0 3 coe | m= 4°2 
Saxavord . | 89 46 28°0 I —14°9 | Stronsay . .| 9020 5°8 5 . | —10°2 
Balta . . «| 90 29 44°0 I —22'7 | Deerness . 90 16 8°32 3 ae ee RG 
| | NorthRonaldshay 
Lighthouse . | go 23 31°0 I — 92 
| 


YELL. Tclescope above surface 5°5 fect. 





o 4 4 we “uw Stronsay. ‘Telescope above surf; ; . 
Foula . . « {90 5 19°7 3 we | — 4°8 p urface 5°5 feet 
Ronas . « . 89 2I 17°7 3 —17°6 o ioo4 ul 
Saxavord . . | 89 59 I4°0 4 —1o'r | Decrness . . | 89 57 44°0 6 = —17's 
Balta . +« + | 99 25 45°7 3 wee [7 12°3 | Wart Hill Hoy . | 89 41 33°0 2 me — 638] 
Fetlar . . - | 90 13 48°3 3 oe | -23°4 | Kitty Hill .  . | 89 55 21's 6°] .. —I0'2 
| Brassa . . «| 90 8 25°0 4 — 7°5|FairIsle . . | 90 8 30°5 2 ‘ie — 4°8 


te 


- 
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Mean Zenith N pre | Mean Zenith N eae 

= - Mean Zenit 0. jlobserved ‘ ; ean Zenit 0. jobserve de) 

Stations observed. Distance: Obs. | above Reduction.}] Stations observed. Distance: Obs, | above Reduction. 
Surface. Surface. 








Fasnven. Telescope above surface 5°*5 fect. 


Deerness. Telescope above surface 5°5 feet. . 





at 


Monies . 90 27 57°9 














4 ul a“ 2 bolle = Att 
SouthRonaldshay go © 9g'0 I —15°8 | Cnocghuibhais . | 91 42 Io°o 5 ‘e —63°3 
Wart Hill Hoy. | 89 28 36:0 2 —10°o | Ben Hutig .  . | go 12 34°5 5 sc —15°3 | 
Fitty Hill . . | 90 2 Go| 2] .. | — 8°6 pet Clibrig , 89 33 O7) 67 — 75 
Stronsay .. . O-IT 27°90 ~ —7° ash arnach 

¢ oe : ie Tide Station : | 
_ . Upper Cross | 92 56 50°9 6 7°2 | -+13°9 

Wart Hitt Hor. Telescope above surface 5°5 fect. Rispoat a 92 57 37°8 6 2°2 | —27°7 | 

or n Station :— : | 
Ben Clibrig .. 90 eke 3 — 3°6 Upper Cross} 91 46 37°6 3 | 20°a | +63°8 
Fitty Hill. . | 90 32 30°5 | 2 — 773 Base . . [gr 48 4:7] 6 | .. | —24e2 | 
Stronsay . . | 90 40 34°0 2 — 6°8 Lower Cross| 91 47 13°8 3 | 1s'0} 441°8 
Deerness . . | 90 46 39°7 3 —10°O | | | 
SouthRonaldshay | 90 52 32°3 3 va Ben Huric. Telescope above surface 5°5 feet. 
Ben Cheilt .  . | 90 24 33°5 Z — 5°4 





Fashven . . | 89 58 8°8 


Soutn Ronatpsnay. Telescope above surface. Wied nee, Oe eh 


5°5 feet. 


eee ——15°3 | 


SouthRonaldshay} 90 31 51°5 
Dunnet Head . | 90 29 35°5 


Ben Cheilt . . Jo 2 36°0 — 6/9 | Ben Cheilt .  . | go 22 23°4 


con hh NR eWUihn 








2 igs snes 
Dunnet Head .| go § 1'o} 1 |. | —ra-g | Seaman = | 90 3 333 
Ben Hutig . . | 90 10 480 I + | — 3°7 | poan Island Tide oy ; 
| Wart Hill Hoy . | 89 19 3°3 6 —13°1 ea ttoies 
Deerness . . | 90 947°3|.. 3 158 Upper Cross} 91 56 .0°6 | 10 | 18'0 | +789 
Lower Cross} 91 56 39°7 | 14 | 13°O |.+47°3 
- Baso . . {91 58 13°4] 4 vee | “734°7 
Donnet Heap. Telescope above surface §°5 fect. Rispond _ Tide 
: a 
. o f «Wl “a Upper Cross 2 3C | 20°O j-+-I09°5 
Scarabin ata 48 89 38 42°0 I oe | — 677 ee Cross ae is 66 ; T5°O [+ 718 
Ben Clibrig . | 89 40 42°5 2 ats — 4°5 — Base . . | 92 42 22°3 5 eee [om AT'S 
Ben Hutig . .| 90 1 10°0 a: Paws, | = 571 
Fashven .°.1|90 7 52°0 oS —————— a 
Wart Hill Hoy . | 89 19 23°0 4 . | ~13°4 Ben Cueitt. Telescope above surface 5°5 fect. 
SouthRonaldshay| 90 7 50°3 6 . | —12'4 rhe. a ‘i 
Ben Cheilt .. . | 89 54 52°0 2 su — 89 | Scarabin . . | 88 54 18°0 I . | —20°6 | 
maces Tide, Sta- Ben Clibrig . | 89 36 11°09 3 ~ | — 5°6 
10N-— Ben Huatig..  . O10 Q°5 2 ‘ — 4°9 | 
Upper Cross} 92 3 12°3 8 | 118 |-+145°2 | Wart Hill Hoy a 4, er 3 hs s 
Lower Cross} 92 5 9° 8 6°38 |-++ 30°6 SouthRonaldshay | go 23 38°3 3 . | — Grol 
Base ., . | 92 7 48°5 8 ee [—126°I | Knock . .. 5 | 90 14 39°7 3 - | — 3°91 
x , ae Corryhabbic .| 90 g 5°0 2 au oe Bre 


_ Cyoccinunnars. Telescope above surface §5°5 feet. Monacn. Telescope above surface 5°5 feet 


——— eet aay aes Ss cps SSP 


| N. Rona Tsland {* O26 46° ae — 4s Cleisham “ : 89 36 20°! I 


~ 
~~ 
» 

~ 
~ 


Ge Cras 9 8-5 Scournalapich . | 90 6 22°7 
3 41 "2 . : ve ; 
Lower Cross| 93 43 3508 - 7 a +29°7 | Ru Rea. |. go 12 44°5 


++ wee T Mette Meee ~ 
ny 


9 O 2 9 = 

Ben Hutig .  . | 89 52 46-9 5 oe | —12°5 | N. Rona Island | go 25 43°3 7 ar 

| Fashven 88 22 35°7 | 6 | .,. | —63°3 | Cnocghuibhais . | 90 16 5°3 I — 
Monach. . . {9020 20:8] 4 | .. | — 4:2 [| Fashven . . | 90 10 57°06] 11 a 
Clash . Carnagh ' Ben Clibrig | gO 3 .27°5 8 —_- 
2 beri 

8 ae: 

oe ae 


‘wn Oa phos 
OX Qe 4 8 OE 


x —59°3 | Storr. g° 4 35°57 


| i: 
‘ 
4 


et Se! re 








SCARABIN, 


Ben Macdui . 
| Ben Wyvis. . 
Ben Clibrig. . 
Ben Hutig . 


Berridale 
Tower 


| Wart Hill Hoy. 
Dunnet Head 
SouthRonaldshay 
Ben Cheilt. . 
Mormonth . *H 
Cowhythe 
Knock . +. - 
| Corryhabbie . 


90 II 
go 2 
89 47 
go 26 
94 40 
94 39 47° 
94 38 43° 
94 38 23° 
go 24 28° 
90 45 13° 
go 40 45° 
4° 
8° 
ae 
gs 
A? 


9° 
17° 
28° 
54° 
54° 
4 
4 
2 
2 
I 


gt 13 4 
90 37 3 
go 4! 

90 27 3 


3 
7 
2 
5 
3 
3 
3 
9 
5 
3 
2 
7 
I 
9 
4 
go 17 44°0 


es = 


PPR AU p cM HNO DRA 


rom) 


O°0 | —5 
8*o | +1 
6°o | +8 
8°o [+10 
ae 2 
2°O 


Telescope above surface 6:0 fect. 


brddd 


WP RY RUST PP STONTW UST NO 


/~% 


COP ANU PUWWOUL GO 00000 

















Bren Wrvis. 


Telescope above surface 5°5 fect. 


* HH signifies that the object observed was a heliostat. ° 


~ 











516 PRINCIPAL TRIANGULATION. 
pats ove | | Object 
Stations observed. ace: Obs. ‘ aati @ Reduetion. Stations observed. ais au peers Reduction. 
Surface. Surface. 
Wisr. Telescope above surface 5-5 feet. Cretsiam. ‘Telescope above surface 5°5 feet. 
Fell 89 42 43° _ tra | Ben More, S. Uist] go 26 31°0 oo | aed 
| ae - 30 : oe ; : ig NorthRonalsland go 48 eats : : — se 
Dunrich 89 53 43° re) 3 = aaa 9°9 Monach . os go 48 8°7 18 eee = 6:6 
Cheviot . 89 59 45°3 3 = — 6:1 a ea - | 9O 42 20°7 3 ve | 2°7 
Cross Fell . go 23170 i }] . | — 4°8 Rn Rea. - ee 4 — 27 
cb oie = 3 Pa, . 
Soar ae . | go : 10° 5 3 a ae | 
Carton Hitt. Telescope above surface 5°5 fect. eae a3 8 16° as a nu 
S.W. corner Sir 
| Ben Lomond 89 49 16° 7 3 aS 3°7 | red. Jolin- | 
Ben Cleugh 89 22 26°5 2 . | — 7°8 stone’s cottage, | 
Ben Lawers 89 38 12°90 | — 3°8]| near Tide Pole | 
| East Lomond 89 30 26°5 | 2 —10°8 | Loch Seaforth, 
Kellic Law. .| 90 2 40°0| 2 — 8:4] Istof Lewis: 
Ground | 97 22 15°4 8 0°0 | —56°3 
Kaves of roof 97 20 21°8 8 | 1172 | +58'9 
Ben Crisric. Telescope above surface 5°5 fect. Chimney band . | 97 18 53°0 8 : 1Q°4 |-+142°5 
Ben Wyvis. 90 9 5474. 20 es 5° 5 Ru Rea. Telescope above surface 8°1 feet. 
Seournalapich . | 90 17 36°4 | IT — 3°3 
Storr go 36 37°2 9 — 2°6] Storr. 85 37 23°9 | 29 11's 
ena ° go ie 29°8 Io — 3°. | Cleisham 89 47 7°2 21 — 8'o 
} Tashven go 40 14°2 | 17. « | — 7°5 | Monach. go 17 15°7 | 11 — 7 
Ben Hutig . Ob. GO.7 |: a3 -» | — 9°7 | Cnoeghiubhais . | go 21 36°3 8 — ae 
| Titty Will . go 51 35°6 2 oe | mo 24 
Wart Hill Hoy. | 90 39 I9°0 4 fi. “26 
Dunnet Fead 90 54 54°3 4. sa: i Seas Cownytne. Telescope above surface 8°8 fect. 
SouthRonaldshay | 90 51 44°1 2 a (sek te 
Ben Cheilt . go 52 7o| II ss. lon 56 : Sue? . 
Scarabin - | 90 35 Io°7 | 32 so Oe See ae Ce ee ase e 
Corryhabbie 90 33. 7°4 6  3°8 Corryhabbie 89 22 §5°9 |] 22 | 13°70 | +14°0 
Ben Macdui go 22 48°6| 4 a ee 2°65 scarabin - | 89 54. 43°5 | 24 | Ib°5 |] + 2cr 
Roan Island Tide Ben Cheilt .*H| 90 9 52°01] 19 1°00 | — 6°0 | 
Station . . {| OF 32 57°1 ” — 9'6 | 








Ben Nevis . . | go 12 I9°0 2 she — 3°4 
Mamsuil ~ , 90 4 4°0 I aco | == i6%3 
Scournalapich . | go 1 43°0 2 Se coe a 
Ben Hutig . 90 44 29°5 2 we | — 3°6 
Ben Clibrig. 90 18 31°7 3 woe | — 5°5 
Scarabin . . | 90 35 §5I1°0 2 woe | — 4rl 
| Corryhabbic go 30 I0'o I ve | — 3°8 
| Ben Macdui go 8 26'0 3 ie Ae 
Moruontn. Telescope above surface 6:2 feet. 
Dudwick . .{| 90 14 13°0 | 21 | ro°o. 4+12°6 
Blue Hill . . {9018 r1°o |] 10 9°O | + 3°! 
Brimmond . . |{ 90 8 47°3| 15 8'O | + 2°3 
} Mount Battock HH] 89 56 49°7 | 21 192) ge 9 
| Corryhabbie H| 89 52 g*2| 25 23 | 3 3 
Knock . . . | 89 54 29°5 | 13 | 12°5 | + 9°1 








OBSERVED ZENITH DISTANCES. 517 
: Object | ; : Object | 
Stations observed. erin . Bk poole Reduction.| Stations observed. cee a eae Reduction. | 
Surface. Surface. 
Morwontii—continued. 
Lartron. Telescope above surface 5°5 fect. 

Scarabin . H 90 14 2°6 1g 33; — 1°6 a ’ 
Ben Cheilt . H | 90 23 58:0 | 19 o°2 | — 3°3 | Blue Hill 89 48 9°8 5 —16°0 | 
Peterhead Old Tarbathy . 89 55 16°12 8 —42°8 | 

Windmill , 90 42 22°0-+} 4 | 27°0'| +74°9 | Brimmond . . | 89 19 24°4 5 —19°7 | 
Reform Monument) 90 32 26°0 | 10 | Top. | —20°3 | Over Hill . . | 88 59 35°2 5 —61°5 
Little Stirling go 26 4°53 | 21 | 10°o | +11°6 | Dudwick 89 35 49°7 6 —20°7 | 
ENR AE EEL Shee AEE: eR aR: Serpe Geek eee 

5 fect. : 
Kock. Tolescope above surface 5° 5 fee Great Stiryine SecTor Station. Telescope above 
See gi ay “ surface 5°0 fect. 

Ben Cheilt . go 26 26°90 2 coe | = 3°9 
Cowhythe gt 36 42°0 3 ° —26°6 eg ae 7 
Mormonth go 26 15°0 |} 2 — 7°3 | rittle Stirling 89 24 51°0 | 11 —217°7 
Dudwick ee 27 Ae Oye — 7°3 | Reform Monument] 90 9 6°0| 11 — 982 
Mount Battock . | 909 0 o'o I — 4°9 |} poterhead Old 


Windmill . go 32 85] It | 27°0 | +255°4) 


LitTLe Srirtinc. Telescope above surface 5° 5 feet. 
































Blue Hill go 6 22°0 2 = 7 Srorr. Telescope above surface 6°1 feet. 
Dudwick . . | 89 44 29°7 3 —24.°9 
Mormonth 89 42 52°6 5 —16°7 } : oor 4 ut 
Ben Heynish TF | go 41 17°0 4. 5°8 | — 0°2 
Ben More, 8.U. . | go 20 32°5 9 oe | — 5°3 
With a 7-inch Theodolite. Telescope above surface 5 fect.} Ben More, S.U.H | go 20 38°3 | 13 5°09 | — o'9 
Cleisham : 99 9 47°3 | 16 ee ee 
—. 2. | Cleisham. ) ‘o} 1 2°32 | — 3:7 | 
Mormonth 89 42 0°0 6 —5°T | Monach . II 33 ae oe — we 
Peterhead Old Cnocghiubhais. | 90 41 46-5 | 12 | 2°0'| — 1°8 
Windmill . 9° 37 23°3 6 | 27°0 |+229°4 Ru Rea . . . | 90 42 45°61 15 Bes 1 OT. 
Reform Monument] go 21 33°1 8 - | —83°6| pipe. . H 90 42 47°4 4 rs | — 6°5 
1 Sector Station go 37 58°38 4 —217°7 | Bon Clibrig . TH | 90 23 27°3 | 17 2:0 | — 1°9 
| Mamsuil . . | 89 52 19°5 g we | — 5°6 
. : ; speed gases 
PeterneaD OLrp Winpsiti. 7-inch Theodolite. Tele- Teche = = ° ; ee _ ne a 236 | 
scope above surface 32°0 feet. Ben Nevis H | 90 3 45°7] 21 ris | — 207, 
o 4 & , | BenMore,Mull . | go 19 42°1 5 vaay 1k ee 
Little Stirling 89 24 47°5 8 —333°7] Ben More, Mull. Hj go 19 46°3 | 10 o°6 | — 2°9 
| Mormonth 89 25 27°5 8 —II5‘*1 | 
Sector Station 89 30 5°0 8 Sy (aaa Aaa 
Reform Monument 88 59 4070 : ks ScournaLaricu. Telescope above surface 7°5 fect. 
Dupwick. Telescope above surface §°5 feet. Mamsuil. . . 89 52 gi rr | 26°8 |-4-41 4" I 
oon 4 Ben More,S.U.II | go 44 18°0 | 22 sto | — 1°2 
Tarbathy go 22 35°8 4. —14°1I | Cleisham IL | 90 37 55°r | 15 wv | — 3°8 
Blue Hill 90 II 24°0 4 — g't | Monach . . HH} 90 53 51°2 | II 2°3 | — 2°5 
Over Hill go 10 26°7 3 —17°3 | Ben Clibrig . 90 29 59°5 g | t2'0 | + 2°7| 
Brimmond . | 89 56 56°5 2 —1r'1 | Ben Wyvis . . | go 18 22°2 |. 22 | r2'o | + 63 
Mount Battock . | 89 45 673 3 — 5*1 | Corryhabbic. H | 90 37 23°0 | 26 o'9| — 3°7 
Corryhabbie 89 45 So's rs — 4:9 | Corryhabbie . | 90 37 0°8 3 | 68] + 5°2 | 
Knock . . . | 89 52 34:7] 6 — 7°3 | Ben Nevis .|90 4 6:2] 26 | 8:0] + 9°5 
Mormonth | 89 55 7°0 2 —18°1 ] Ben Nevis . H | 90 4 24°0 7 | 15 | 7 5°9 | 
Little Stirling 90 22 7°5 2 —24°9 | Ben Macdui. TH | 90 15 3°0| 17 I'o}| — a2 | 
Layton 99 31 47'5 4 —20'7 | Ben Macdui. . | 90 14 26°4 | 12 | 20°O + 8°7 


518 _ PRINCIPAL TRIANGULATION. 


Object Object 


; Tean Zenith No. jobserved : ; i No. {ob ‘ 
Stations observed. Distance. Obs. | above |Reduction.{ Stations observed. scat Obs. i sili Reduction. 





Surface. Surface, 


CornynabaieE. Telescope above surface 7°2 fect. 
be es Briustonp. Telescope above surface 5°5 fect. . 


~ 



































Glashmeal . . | 89 53 59°9 | 16 se: =e BG ; “ 
Ben Macdui.. . | 89 26 16°38 | 24 ws | —10°8 | Mount Battock . 89 23 36° 5 2 we | — 8'8 
Ben Nevis . . | 90 12 15°3 Ig | ise — 3°6} Knock . . .!90 1 15-5 2 — 6°2 
| Mamsuil. . . | 90 13 58°2 | ‘20 .. | — 3°9 | Mormonth . . | 90 11 32°0 2 — 7'0 
Scournalapich . | 90 13 32°4 |] 23 . | — 4°0 | Dudwick. . . | 90 15 36°0 2 o~II'L 
Ben Wyvis . .| 90 I0 I15°7 | 27 .- | — 5°o | Over Hill . . | 90 38 35:0 2 —28'°4 
Ben Clibrig . H | 90 22 41°6 | 31 we | — 3°7] Layton . . «| 90 48 41°5 2 —19°7 
Scarabin, . H {| g0 28 10o°5 | 35 | 1:0] — 3°g | Larbathy . . | 9I- 8 ae 3 3 —3r°2 
| Ben Cheilt . H | 90 40 82] 28 1°5 | — 3°3 | Blue Hill . . | 90 41 2°5 2 — 315 
Ben Cheilt . . | 90 40 21°3 4 s — 4°21 
Cowhythe . H| 91 0 23°r} 32 I'o | — 79 = « 
| Knock . . . {90 41 30°r | 21 ~-12°3. ; sie 
Mormonth . H Lb Gas ||. a.) aogulaes: 46 BiueE Hitt. Telescope above surface 5 5 fect. 
| Dudwick. . . | 90 45 48°3.| 24 | — 64 i i 
Mount Battock . | 90 12 18'g | 49 — 8°7 | yrount Battock . 89 15 48's 2 — 8's 
Dudwick . .| 90 6 23°3 4 — gr! 
Little Stirling . | go 13 39°0 I — 77 
Mausuit. Telescope abovo surface 14°0. feet. 
| Ben More, Mull. | 90 32 10°09 | 9 | «- | — 8°O} = Ben Macpur. Telesco 
ca More SU. Ul) 6644 4-8.) ae.1 el 2.6% elescope above surface’8*2 feet 
Ben More, 8.U. . | 90 44 25°5 4 soe — 6°7 <c, Be ay : . 
Storr. . . . | 90 38 54°4 | 32 —12°8 | Ben Cleugh . H | 90 43 25°3 |. 19. | 1°3 | — 4°4 
| Cleisham . . | 90 39 I19°9] 13 «- | ~ 7°O | Ben Lawers. . | 90 20 30°4 8 we | — 7°6 
Scournalapich . | 90 12 40°5 | 43 .. | —83°0 | Ben Lawers. H | 90 20 39°2 | 34 2°5 | — §°3 
Ben Wyvis . .}| 90 21 5°4] 34 we | —16°O | BenNevis . .| 9018 16°6/ 8 | ... | — 670 
| Corryhabbie. H | go 38 36°5 | 27 079 | — 7°1| Ben Nevis , H| go 18 37°4 | 31 | 3°5 | — 4°9 
| Ben Macdui. .| 9016 5°2] 12 - | — 9°7 | Mamsuil. . He} go 25 54°5 7 A‘o | — 2°9 
| Glashmeal -.  . | go 30 2°0 3 + | — 7°6 | Scournalapich H | go 26-59°5 | 28 | 3°0}| — 3°6 
Ben Lawers. Hl | go ,21 38°6 | 21 1°5 | — 8°o | Ben Wyvis . H_| go 30 26°9 | 10 I'o}| — 5°2 
Ben Nevis . .| 90 2 14°2-|-23 |°%..° | —16°2 | Ben Clibrig . H | 90 4o 7°21] 10 2°*8 | — 2°5 
Searabin. . H| go 48 1°6| 17 3°0 | — 2°6 
: Ben Cheilt . TL |'90 57 2470 | = 18 2°O | — 2°8 
Oven Hint. Telescopo above surface '5*5 feet. Corryhabbie. . | 90 53 22°9 | 21 vee | 123 
. Dudwick . H]{ gr 1 32:0] 13 r7 | = 3°90 
oon 4 « | MountBattock. Hj} 90 45 9°3 | 39 I'o | — 7°83 
| Brimmond . 89 27 25°5 2 + | —28°4] Glashmeal . . | go 35 58°6 | 22 vee | IST | 
| Mount Battock . | 89 28 so:o} 3 w | a 7 | SayrsLaw . Hj go 57 12} 8 | 2°5 | — 274 
Mormonth . .|90 1 O°7 3 we | — 89 
} Dudwick. . . | 89 58 46°0 4 aie es 3 
] Little Stirling go Ir 18°5 2 ae: = 
Layton . 2 1] 91 4 9°7 3 oe ate : Ben Mone, Sourn Uist. Telescope above surface 5° 4 fect. 
Tarbathy . . | 90 57 14°3 3 aoe | —O4°7 
Blue Hill . . 1] 90 3 35°5 2 oe 19°3 Gleigiisn~ -j, x90 4 rn g 5 He | 
ea » He] go rr 14°5 | 34 3°70} — 1°8 
boil Sn he } Storr. . . . | QO II 44°5 ae ee 
Tansatny. Telescope above surface 5°5 feet. Storr. |. i ae oe Fe 6:3 | ae 
aaa , | Scournalapich H | 90 17 4°3 {| 25 o°8 | — 2°2 
{ Blue Hill . . | 89 40 35°8 we » | —25°6 | Mamsuil. . H | 90 14 31°7] 19 | 470] + 4°1 
Mount Battock . | 89 21 43°0 I — 6°9| Ben Nevis . H| 90 16 36°38] 3x5 | a5 | — 2°77] 
Brimmond . . | 88 57 17°90 3 —31°2 | BenMore,Mull.H | 90 17 29°0 | 27 ‘| o-0o | — 2°8 
| Over Hill . . | 89 6 23°0 3 ; —64°7] Jura. . HL] 90 34 1'7] 133 2°r | — 1°2 | 
Dudwick . . | 89 49 0o°'o 2 we | —14er | Ben Heynish H | 90 38 42°5 | 39 - | — 3°7 
Layton . - «| 90 9 27°7 3 ... | —42°8 | Callernish Tide 
re) 2 | —10'9 Station . . | 98 23 31°3] 14 7} 3.2 °| —82°5 


| Little Stirling . | 90-2 0° 


ms eek 


ee Be ea sae ce SL. POR Ske, St ante eet er eh ter wait Fe ee aed Be ee an ae ee Oe ee 


OBSERVED ZENITH DISTANCES. 51900 
wus a test . Object a Object 
‘ Mean Zenith |-No. jobserved ; ; Mean Zenith ‘No. jobserved ‘ 
Stations observed. Distance. Obs. ahave Reduction. Stations observed. Distanc i. Obs: J-ahove Reduction. 
Surface. Surface. 





~ 


Mount Batroor. aeons oe suri 5°8 fee 


Brn Nevis. Telescope above surface 5°5 feet. 














Glashmeal_ . 89g - 25°5 | 28 | 13°o | 1 o a a f 
Kellic Law . H | go 44 18:0 8 oe = 36 Jura. . HI | go 43 O°2 9 oe ae eee 2°t 
| East. Lomond 90 32 34°5 | 13 | 11°0 | + 3°9 | Ben More, Mull . 90 34 15°7 | 14 ice. eo 
Ben Cleugh . H | go 26 7°6 15 1'o | — 2°8 | BenMore,Mull. H | go 34 20°3 14. 1°8 | — 3°2 
Ben Macdui , 89 41 49°5 | II 8:o | + 2°4 | Ben Heynish H} gt 1 17°74) 23 1*3- | 2 
Ben Macdui. H | 89 41 56°9} 15 1°8 | — 4°3 | BenMore,S.U. HH | go 49 57°8 13 5°3 |] — o'7 
Ben Macdui . 89 42 2°0 GY: As — 6:2 | Storr . . . {90 44 °13° 7 oes — 3°3 
Corryhabbie 3 a 38° It @4° 16°8° +13°4 Storr . 22 go 44 18°o 7 I°3Z] — 2°5 | 
Knock . | 90. 33 .8°6 13. |.12°5 | + 6:0 | Mamsuil. ~ | 9O 23 13°7 8 ‘sais — 6°4 
Mormonth. .- -----| -go-41 48. tr} 5 | ee | -4%3 | Scournalapich. H [90 25 9°4°] ~ 24 reo] — 4°4 
Dudwick gO 45° 56°5 7 | 10°0 | + 3°g9 | Scournalapich . | 90 24 50°r | 23, — 5°4 
Over Till -. QO 54 33°0 7°} 8:0} + 2°8 | Ben Wyvis . H | 90 32 7°8] 15 Ty | eee 
Brinimond . 9° 53 53°5 | 16 8°o | + 3°6 | Ben Wyvis . go 32 41°38 | 27. - | = 3°4 
Blue Hilk gt 3 2°8{ 16 g'o | + 5:0 | Corryhabbic H | 90 44 5170 | 14 2°3 | — 16 
Lumsden TI | a0 2 I I° — 2:1 | Ben Macdui. HT | go 21 52°8 13 2° — 2°2 
9° 43 23°9 | 17 7 9 3 
Sayrs Law . H | 90 34 52°2 | 14 2°5 | — 1°7 | Ben Macdui. . | 90 21 O'r | 21 we | — 4°0 
ies Ben Lawers. . | go 20 52°5 | 26 we | — 62 | 
GLAsHMEAL. Telescope above surface 5°5 fect. sa pik dar 7 . 7 ie = | a is ee 
cee a , Ben Lomond H | go 32 50°0 | 10 4°6 | — 078 |- 
en Cleugh . 90 34 3°0 2 — 4° : erae 328 sae 
| ie Lawers , 90 7 27°0 3 — a 
Macd 89 38 30° —12° , | 
Coyne ae a ae : ay Ben Lawers. Telescope above surface 6:0 feet. 
Mount Battock . | go 35 20°5 |- 4 — 8°8 
East Lomond » | 9947 7°5 - — 4°9 | Merrick... H| 90 44 29°8 | 16 — 24 
a a It Goat Vell’! 3 | 90::37-29"5 5.| reo] — 2°6 
East Lomonn. ‘Telescope above surface 5°5 fect. hacer aa = 3f fae a 2 ae 
- om en 16) e ° . eee — f 
| enone 90 33770] 2 — 46 ee gia 7 Be rf a _ ; é - a 
a eae . 9° 44. 46°90 I 108 Ben More Mull. H| 90 33 9°4 14 B+c + 1°4 
panies |RSS] 2 | ries famae ai, separ) | Tae 
7. Ben Nevis . HH} 90 5 I°5 20 I'2 | — 5°4 
a Lawers . 89 39 160 Bi) ee — 4°91 Ben Nevis . . | 90 4 59°3 7 — 67 
NM ashmeal + | 89 46 23°0 3 _ a9 Mamsuil. . FI | go 24 11°3} 20 1°5 | — 2°8 
ie ; “Ae 2 ee d ; : ee Ben Macdui. H | go to 57°4 | 33 ..{ I°2 | — 4°5 
Tansdaa ; oe ae ae an ; _ ee Glashmeal . Hj go 22 Nee 35 | t'2]—4°9 
Sie tae 5 ee : ae Hast Lomond . | 90 $3 49" Il . ce (heme 
9 7 Sayrs Law... H | 90 47 27°5 | 14.) 1°3 | — 2°4 
a ) Ben Cleupl.,. | ood 21°33] 27 2) *2. | es. O82 
Bren Cieven. ‘Telescope above surface 60 feet. Hart Fell . H | 90 41 44°6 | 12 O°7 | — 2°4 
~o i. di ‘ di ee 
Merrick . F 90 24 31°7 | 13 — 3°0 . : 
| Goat Fell 0 19 37°3 8 vee — 3°5 | Ben Mone, Mutt. Telescope above surface 5°5 fect. 
Ben Lomond 955 55°01 45 | ww. | — 7°90 
tice Abe - H]| 90 2 13°9] 27 I's | — 2°8 oe - 
en Lawers. =<; |-8q9 26°17"; ' sae — 7 Jurn. 2. 2. O 24 14° 7 =a 5°9 
| Bon Macdui 50 16°6 2 rn i A Ben Tartevil a6 49 pete 4 — 4°2 
Glashmeal .. 99 3 22'°0 | 20 — 4°7 | Ben Heynish . | 91 3 39°0 2 — 6°2 
| Mount Battock . | go 22 0°5 | I0 — 3°6] Ben More, S. Uist | 90 37 35°0 2 2-9 
eae - | 90 35 Pe 22 —io:g] Storr .. . gO 34 58°5 2 = ie 
ss | 99 25 46°g | 15 ASE — 4°8 | Ben Nevis . . | 89 59 58:0 4. mes 
| Calton Hill ea 9° 56 59°5 7 | Top. | — 8*5 | Ben Lawers. . | go 18 21°90 2 aes 
Dunrich. . 9° 16 25°09 9 ‘| «.. | — 4°9] Ben Lomond. | 90 20 28°3 3 — 39 
Hart Fell . . | 90 16 22-8 8: — 4:2 | Goat’Fell . . | 90 25 39°0 I — 3°4 


a 
7 : : pee ea os eee 
ee ee ee ee oe eA A owe oe ae weal cn’ ei ~ = ay : ears a aa antes ae * 

z ee = - oe om te 6 mee a ‘ “a 


| 





520 PRINCIPAL ‘TRIANGULATION. 
Object . nahi 
Zenith No. observed : . Mean Zenith o. {observe ; 
Stations observed, ara Obs. | above |Reduction.} Stations observed. Distance, Obs. | above | Reduction. 
Surface, surface. 


a sg Re ee ee ey 





Brew Hernisn. Telescope above surface 5°5 fect. Morpineton. ‘Telescope above surface 6°1 feet. 




















o fou a_ | Cheviot . ; 89 11 11'9 II . { —=10°3 

| Ben More, S. Uist] 99 3 9°90 | -t — 3°83} Cheviot . . I { 89 11 r1°0 | 30 2°S | —~ 61 

Ben Nevis . . | 89 55 39°0 I — 2°8 | Wisp . Wloo x sae7| 12 15 | — 3°6 

} Ben More, Mull. | 89 22 21°3 4 — 6:2] Dunrich . H]| 89 52 14°61 21 23 | — 3°2 

} Jura. . | 89 52 45°5 2 — 4°I | Sayrs Law . 89 38 1671 15 . | —I0°1 

| —_ | Blackheddon 90 4 36°1 I . | 183 

Burnswark. Telescope above surface 5°6 feet. uanioies. {Palesvone aboyesuitude 6-4 fect 

o uf “ * ff re) ' ui 7 

| Criffel . . . | 89 31 55°0 | 12 oe | —12°4 | Burnswark . go 42 6°6 2 ie. ee eee 

Merrick. . H | 89 52 075 | 22 16) — 3°3] Jura. . . H| go 30 31°7| 17 15 (| es 303 

Hart Fell . . | 89 17 44°8 | 15 eo | — 9°81 S$. Donard . H | 90 31 39°7 | 23 16 | — 2°1 

| Wisp . . . | 89 29 59°5 | 10 —T2°T | Ben More,Mull.H | go 36 26°3 | 12 [oo dee 19 

Cross Fell . TH] 89 44 6°71] 16 1°0| — 4°3 | Goat Fell . H| 90 14 §3°9| 13 ro | — 4°7 

Sca Fell. . H | 89 42 4a°1] 11° |-3.4/] - 799] Wisp . . H| 9031 9°9] 15 1°3.| — 3°3 

Hart Fell H | go 18 50°6 | 28 I'4 | — 4°I 

Sea Fell . Ij} 90 21 17°7 | 32 oe | — 3°6 

Ben Louonp. Telescope above surface 5°5 fect. Criffel . =. . | 9029 41°6 | 20 we | = 6°8 

Knocklayd . H | go 35 20°o | 26 | 1o°5 | + 2°3 

; of Wt -»_ | Blackcomb . HE] go 34 46°41] 35 oe | om 3°2 

1 Goat Fell gO 21 24°0 I . | — 4°8 | Divis - | go 36 51°6 6 we | — 3°4 

Knocklayd . 99 45 20°0 I ve — 2°3 ] Divis . H | 90 37 26°3 5 I°5 | — 2°6 

Jura. . . «| 90 28 26°0 I » |-— 3°8 | Ben Lomond H | go 22 51°5 | 29 ee | ee 

| Ben More, Mull. | 90 21 I1°5 2 wee | — 3°9 | Ben Lawers IH} 90 27 28°5 | 16 I°o | —~ 2°r 

Ben Nevis . . | 89 59 5°7 3 . | — 4°9 ] South Berule H } go 36 19°5 |} 35 ae | m 3°6 

Ben Lawers . 89 53 53°3 3 - | — 7°4] Trostan. . H | 90 33 26°6) 31 r°5 | — 2°8 

Kast Lomond . |} 90 41 1°0 3 ~ | 7 3°9] Ben Cleugh. H | 90 31 51°1]} 10 I°2 | — 2°6 

Ben Cleugh . go 29 6's 4 -» | — 6°5 | Cross Fell II | 90 29 52°8 | 10 1°6 | — 2°2 
Dunrich . . | 90 33 Ig‘0 2 ~ | — 3°0) 
Hart Fell . . | 90 31 39°0 I — 3°90 





Wart Fert. Telescope above surface §°6 feet. 




















Ben Losonp. ‘Telescope above surface 6*2 feet. (1855.)] Dunrich. . Tl 90 14 56°0 23 | 3s] — st 
Ben Cleugh . H | 90 23 13°8 | 13 1°6 | — 2°8 

og 4 “4 Merrick . WI} 90 14 418 | O° — 4° 

| Ben Cleugh . go 28 54°5 . ee | — 7°3 | Cross Fell II ae 8 ee 4 i: — - 
jJura. . go 27 21°0 I ~ |= 4°31 Criffel . . | 90 27 12°5 | 16 wf — 6s 
| Ben Nevis 89 58 3°8 2 — 3°35 | Sca Fell . I | 90 17 29°6 | 19 | 5*0| — 0°3 
| Ben Lawers . 89 53 10°9 4 cee | 8° 3 | Wisp - . | 90 30 36°3 | 20 vow | —II'4 
Goat Fell, ene Be 4 a — 3°41) Cheviot . . HL} 90 16 57°3| 12 2°5S| — 2°4 
Sayrs Law . H | 9029 6°6] 10 4°O | — I'S 

P Goat Fell 90 23 52°0 2 sa — 3°0 
Keiire Law. Telescope above surface 5°8 fect. Ben Lomond H | 90 20 41°4 | 13 1°3 | — 2°3 

! Ben Lawers. I} go 20 26°6; 15 o> | — 253 
| SayrsLaw . . | 89 43 33°5| 15 | «| — 8x] Burmswark . «| 9058 7°9 | 1 sors 
{ Sayrs Law . H | 89 43 26'9 14 Be Ae ee i a nN 

y . ’ Ao o 
| Sra etl a 80 se ie a rep ; 2 Jura. Telescope above surface 6°o feet. 

East Lomond Hj} 89 33 2°0] 14 I°'2 | —10°7 . a ee ob A 
| Glashmeal . | 89 38 29°2 4 oe | — 4°77 Ben Tartevil I 349°7/] 12 | 15:0 | +16°7 
Glashmeal . H | 89 38 50°5 13 1°3 | — 3°6 | Ben More, Mull. @ 22 377 16 | 20°o | +15"! 
| Mount Battock.I | 89 51 23°3 | 20 I°2 | — 3°8 | BenMore,Mull. | go 1 59°3 4 wee | — 6°5 
Lumsden . .| 90 8 54°2 12 . — 7°o | Knocklayd , gO 30 21°3 9 10'O | + 3°0 
Lumsden . HL} 90 8 55°3} 18 I'l | — 5°7| Goat Fell . . | 90 8 10°0 16°o | +10°6 





OBSERVED ZENITH DISTANCES. 521 








sea ee ree: Object 

—_ fean Zeni 0 fobserve , : Mean Zenith No. [observed ‘ 

Stations observed. Distance, Obs. | above | Reduction} Stations observed. Distance. Obs. | above | Reduction. 
Surface, Surface. 








J URA—continued. 
Sayrs Law. Telescope above surface 5°5 feet. 


























Ben Lomond |. | go 13 22°9 66 | gto} + 9:0} Wi, oe ot 4 WBE Ec eek 6 ees: 
a ee = ae a 5 078 = ci Hart Fell . ae O ae 3 of a 
en Heynish 90 45 21°5 | 26 TO | — 3°7] Dunrich . . . | 89 54 21°71 6 . | — 7°8 
Ben More, 8.U.H | go 42.131 | , 8 5°O | — 0°4 | Lumsden 90 42 41°6 | 13 —11°6 
Merrick . . Hj go 28 16} 14 -] I°g | — 2°0] Bon Lomond _ gO 15 52°0 I i es 2°7 
S. Snaght . H | 90 31 29°9 | 1§ | 3°8|— 1'2] Bon Clough. . | 90 9 41°5| 6 | 2. | — a4 
Ben Nevis . H| 90 10 4°6} 16 o°8 t= 2°8 | Don Tawers . EL go § 55°7 8 3°s | — 1'0 
Ben Nevis . . | 90 g 25°0| 12 | 21°5 | + 8°31 ast Lomond . 90 17 55°0 8 | — 6°2 
{ Ben Lawers. H | go 18 2°2] 21 3°O | — T°4 ] Ben Macdui. . | 90 15 4r°o 2 w | = 2°3 
Trostan . . H | go 30 21°3 | 12 1°5 | — 3°97 Glashmeal . H{ go 13 16-0 9 ree} — 2-7 
Mount Sandy H | go 49 20°6{ Io 13 | 7 3°° | Mount Battock H | go 21 3°0 3 I'7 | — 2°0 
Kellie Law . H| go 36 49°7 7 I'o |] — 6°3 
Blackheddon, . | go 34 14°2 8 - | — 67 
GOATFELL. ‘Telescope above surface 7 fect. Cheviot - « «+ | 89 53 47°2 8 - | — 6°6 
Cheviot . . HJ 89 53 50°9 3 2°0 | — 4°2 
ee , | Mordington . . | 90 39 27°6} 10 | ... | — g*2 
Jura. . . .} QO Ig 4°4 5 si — 74 | 
Merrick . . . | 90 17 49°3 6 we | — 62 
Ben Lomond .. | 90 11 55°1 8 ss — 6'1 
|} Knocklayd . . | go 33 48°4 6 ae eae Dounricn. Telescope above surface 7°7 fect. 
Ben Cleugh . H | go 29 50°3 6 I'2 | — 3°4 
Slieve Donard . | go 38 24°8 4 we | — 2°6 Mord; o 4 uw " 
Hart Fell . Ij go 28 18°7 6 I.4.| — 3°0 Bor ee HZ} go a a t ee ae 
} Trostan . . H| g0 33 10°0| 4 1's | — 3°9 Aart Toll Sa 1p 40" 8 a oe ee 
Ben More, Mull H| go 20 39°3 4 | 7 | — 3°3 Say L eee es 33 330 3 ae cio 
Divis . . TH} 90 39 23:0} 4 a i a Bon Cleast =e Sug ar sales 2 a —10°9 
South Berule H| go 46 11°3| 6 | .. | — 26] pe Lontnd’ 1 OO Ee ASR Ae oe neal eg 
| Criffel . . H| 9037 9:0 6 1's | — 2°8 eC 9° 30 44° 4 < _ 6°5. 
| Slieve Snaght . | go 38 45:0 5 coe | — Z'T Wisp eo 50 22 tare 3 mr 
ae ee Be eee : scieacal aa Cheviot . . .|90 11 4’o 4. ee | — 73 
Criffel . . Hj 90 25 29°8 8 ie i ee gun 
Lumspenx. ‘Telescope above surface 7 fect. 
Be age , Cuevior. Telescope above surface 8'9 feet. 
Sayrs Law. . | 89 31 23°4 | 12 ve | —14°8 
East Lomond . | go 6 r10°0 4 we | — Oto] of 4 it 
Kellie Law . H| 90 14 53°6| 14 tr'o| — 7-2 | Lumsden. . . | 90 53 16°2 | 11 . | —II7 
| Glashmeal . H]| 90 6 8:0 6 1's | — 2:7} Blackheddon . | gt 39 27°6 | 21 . | —25°0 
Mount Battock H| 90 10 46°5 6 1°7 | — 2°8 | SayrsLaw . . | 90 30 23°2] 12 ve | —10°6 
| Blackheddon . | go 10 43°4 8 we | —I2¢7 7 Sayrs Law . H| go 30 25°5 a | 4 On 5 9 
| Cheviot . . HJ 89 28 39'°0| 25°} 2:0] — 6°64 Wisp. . . . | 90 26 I5'0] 13 we | — Q°9 
Collier Law . H} go 31 22°r |] 1 Is | — 5°9 
Sea Fell. . EH} go 25 49°8] 11 o°5 | — 4'0 
| | Cross Fell . H] 90 17 39°9| 12 I's | — 5°2 
Brackueppon. Telescope above surface 5°8 fect. Cross Fell . . | 90 17 15°7 5 we | = 63 
7 Easington . TH] 90 46 72] 12 2°8 | — 3°0 
i. a , {| Botton Head. H| 90 40 4r°o]} 15 oe | — 4cl 
Cheviot . . . | 88 31 4°6] 18 we | —16°3 | Dunrich. . HY] go 18 54°81! 10 o'8 | — 7°6 
Dunrich . .  . | 89 54 caer 5 we | — 4°6 | Dunrich ' . {90 19 2°0 4 we | me 8t4. 
Sayrs Law . . {| 89 49 58-1} 22 .. | — 7°t | Wordeslow . T1| 90 44 46°7] 20 13] — 5°8 
Lumsden. «| 90 § 39:8] 18 .. | —10°6 | Hart Fell . H{ go 18 36°8]; 13 a-5 4; 572 
| Mordington. . {90 5 54-6{ 6 | ... | —17°6| Hart Fell . . |} 9018 50°00] 4 | ss | — 7° 
Mordington . H] 90 5§ 39-7 7-| x2 | —13°g | Mordington. H{ gr 5 52°2] 18 | 3°7-| — 8°9 


3U 





522 PRINCIPAL TRIANGULATION. 


Object Object 








Stations observed. scala : ae pile Reduction.] Stations observed. oo rat es Reduction. | 
Surface. , Surface. 
Ben Tarrevit. Telescope above surface 5°5 feet. Sourn Enp or Base. Telescope above surface 5°0 fect. | 
1.. : oO 4 ul “a fe ee eee | =" “ 

Slieve Snaght . | 90 2 33:0) 4 oe | — 4°2 | N. End of Base . | go 8 22°5 8 —24°8 
Jura-. ... . | 89 11 48*5 | 12 | .. —10°2 } Slieve Snaght 83 51 9°5 8 |] ow. f —IIe7 
Knocklayd . . | 89 59 24°9 9 : — 5°4] Mount Sandy .j{ 90 5 26°8 8 we | —Ig'4 
Ben More, Mull. | 89 48 8:0 4 oe — 4°2 | Cundtham . . | 89 23 29°09} 10 és Skee 
Trostan. . . {90 3 26°0 2 rr — 4°4] Do. Top of Staff | 89 22 34°0 2 | 16°7 | +42°1 
Ben Hoeynish . | 90 23 26°0 I — 4°09 








4 


| _ Trostanx. Telescope above surface 5:0 feet. Drone Poms. Telescope above surface 5:0 feet. 


| N i “i él 
o i fi a | 
Divis . . .1| 0 16 42° 9 ... | — 6:4 | Mount Sandy, Top 
Knocklayd . . . 12 ae 7 ne _ of Staff . . | go 2 28°3 6 | 14°5 | +42°1 
1. : _ ,-41N. End of Base, 
Ben Tartevil . | 90 31 4o°o 2 4°0 P 
Slieve Donard . | 90 Ir 35°0 3 — 3°2 Top of Staff . | 90 3 59°7 14°00 | +44°2 
: — 2+, |S. End of Base, 
} Jura. . . .« | 90 13 35°4 I ae Sales ee ey a eee eee 
Goat Fell -. .| 90 7 49°4 I —~ 3°5 Top of Staff . | go 1 0°90 14°5 | +39°t f 
Sawel .. ...490 7 3°5 2 — 5°1) | | | 


ao , ee Nort Enp or Basz. Telescope above surface 4°5 feet. | 
Knocgiayrp. ‘Telescope above surface 5:0 fect. iE 























a o fF wt u Mount Sand ; 89 3 16°83 8 aa —§ ‘ | 
| Slicve Snaght . | go 2 36°8 : wee fm 4° S En J i: Base, 95 . 0°3 
|} Divis . . . | 90 16 37°5 we | — 5°O Top of Pole .:| 89 56 21°0 4 | 14°5 | -bag's | 
Sawel . . . | 90 5 24°6 8 os | — 5°0 " | 92 : 6 hoe ee 2 
Trostan .°: . | 89 54 24°83] 13 aig Cundtham . . 37 13°7 | oe *3 9 
SLIEVE SNAGHT, ‘Telescope above surface 5:0 fect. | Stoxe Hitt. Telescope above surface 11°5 feet. 
Sawel . . «| 90 § jor] 5 | .. | — 6°8 | Wingreen . .|90 1 3474) 24 | «. [— 22°6 
Slieve League’ . |-90 24 45°0 | r°]°.. | — 2°9 | Westbury Down | 89 58 47°7 | ° 30 woe [125 °3 
Cuileagh. . . | go 24 39°0 I «= | — 2°7 | Westbury Down | 89 57 53°2 | 13 | I4°0 [+ 27°2 
ee ao | Milk Hill . He} 89 51 49°22] 23 1°5 |I— 33°5 
een toe. a . Re een acne ts yeaa ae HL | 90 3 48'S | 25 | 3°5 |— 14°7 
Mount Sanpy. Telescope above surface 5°0 fect. | | Dean Hill : sph ; | - oe re aeee | 
. : Old Lodge . H| 9013 15:1} ©4° | x5 |— 19°2 | 
Slieve Snaght . | 88 46 120 4 4. | —12°3 | Old Lodge . . | go 12-15°3 6 | 27°3 |+ 30°2 
| Cundtham . .. | 89.2 o-7 | -6 | 16+7| +59°6 | OldSarumCas.H | 90 19 7°5 | rr | 2:8 |— 20°3 | 
|S, End of Base . | go 1 22°2 5 | 14°s | +30°8 | Four Mile Stone | 90 15 49°0 | 26-] ... J— 32°4 | 
| Drung Point . | 90 3 32°5 3 bee a ee 
} N. end of Base . | go 13 24°0 7 ae ieee —89°2 
Do. Top of Staff | go 12 15° 6 : : ; 
se is : a2 cae ae Urcor Down. Telescope above surface 10'9 feet. 
Cunptuam. Telescope above surface 5'o feet, § | Milk Tl . . | 89 54 28°31] 21 | 254 +771 





| Stoke Hill . . | 90 12 46-7} 14 | 2. | —23°6 

| o | a a » | Westbury Down | 90 12 11°9] 14 | ... | —20°3 
Mount Sandy .| 91 I 30°0 4 | 14°5 | +48*5 | Mendip... H | 90 12 20°5 | 17 | 3:0] — 8-4] 

| N. End of Base . | gt 7 I0°o 4 | 14°0 | +47°8 | White Horse Hill | 90 6 34°3 |. 29 wee | = 34.°6 | 
|S. Iind of Base . | 91 43 47°0 3 | 14°5 | +34°2 | Inkpen . . . 190 3 34°2{ 12 vee | 248 | 


ra 
2 t 





OBSERVED ZENITH DISTANCES. 523. 


Object Object 





‘ Mean Zenith ; : it ; 
Stations observed, | ME” | ix, UETCY eduction] Stations observes. | Mem Zenith | Oe seed neduation 
Surface. Surface. 
- Mux Hitt. Telescope above surface 21°7 feet. Gorteston ¢ Telescope above surface ~ 91°3 fect. | 
a | Tower. 3 battlement . 3°6 feet. 





10°8 —14" 5 | Norwich Sp. Top 89 59 30°9 8 1307°0 

—72°5 | Happisburgh 

Oo} —20°O)} Yower .  ,*{| 90 5.1970 | 13 [r1°3 [+ 41°4° 
"Oo | —22°8 Southwold Tower | 
4} —86'4]~- Pole. . Top} 99 5: 31°0 | = 1 4frr8°o [+ §9°9 
a Toft’s Tower 4, | 90 © 35°0 6 |-57°0 |—160°7 
“—=31°0 


é) 
5 
5 | —44°3 
7 
5 


Wingreen. . H]| 90 12 rr: 
Stoke Hill . .| 90 18 17° 
Westbury Down . | go 15 13° 
Mendip . . HJ go 31 59° 
Upcot Down . . | 90 I0 59° 
Inkpen . . .] 90 6 38 
Beacon Hill . H]{ 90 19 37° 
Dean Hill . H| go 21 27° 
Four MileStone. fH] 90 23 54° 
| Old Lodge . H}| go 21 30° 


| eres ote Telescope above surface . 72°0 fect. | 
OldSarumCastle.H go 26 36° TORTS Tower. { ( 


—38°1 a tower . 15:0 feet. 


BoP woO An Ps70O SP Pw 


nO OSI DANK HOUWE 
s NP we HFN se 








White Horse Hill | go 11 26° | —45°9 
| : : Happisburgh — " 
Tower . Top} go 8 15°5 g |1rr'6 | +682 
Four Miz Strong. Telescope above surface 6°4 fect, | Norwich Sp. 5, | 89 58 17°4 | 12 |307°0 a 
| Gorleston Ir. ,, | 90 6 39°90 | 10 | 87°7 | +73°5 
Southwold Tr. ,, | 90 6 41°9}] 15 | 95°O |] +70°4 
Wingreen . H| 89 47 12° 2 1°3.| —14"0 | Laxfield Ch. i 
WestburyDown. H'| 89 55 44: i: -2 | acs |—g-6],, rower, + » 199 2 50°4 Ir | 9378 +52°3 
Westbury Down . | 89 55 29°5 | 1 | r470.| +18°8 ease qr. tT Oo 310 8 Ca + oes 
Stoke Hill . H] 89 54 25°3] 3 | 6to} — 11 = Se De: aaa ac a eae 
Dean Hill . H!] 90 4 29°6 4 I°5 | —17°8 








- Telescope above surface . 305°0 feet. | 


Norwicu Spine. vane above telescope = .—(ws 2°00 feet. 


Oxtp Sarum Gun. Telescope above surface 37°5 feet. 





“ | Hingham Tr., Top 90 6 1° 5 ee 


Beacon Hill . IL| 89 25 53°7 6 | tI°o GorlestonTr. ,, | 90 13 59°0 4 | Saez 
4 


Old Lodge. «| 89 33 51°8 = |e 3 Baconsthorpe 
Tower . » | 90 6 45°0 
Tappisburgh 


To an 012 o° 2 |III°3 | 
Oxp Sano Castie. Telescope.above surface 37°8 feet. Laxfeld Ch. uid : ; 


59°5 











3 : Tower . ,, | 90 10 I5°4 I | 93°8 
la. ; of 4W « 1 Toft’s Tower go 12 45°4 2 | §7°O 
Stoke Hill . .| 89 54 1°'1 4 | 25° |— 2 ; ‘ : 
Mik Hin: .|894945°9{ 3 | 2. [> yee [Sunwell Tes poe eae ee 
Beacon Hill . .| 89 41 56°0 2 6°3 |—171°0 
old Lodge - + | 89 49 39°3 | 2 | 27°3 |— 55°7 _ 
can Hill =. «| 89 56 29°3 | 2 —186°6 | BaconsrHorre fp raecone above surface . 65:0 feet. 
a LOWERY: 2 battlement 5°5 feet. 
pe deomesenne above surface . 116°6 feet. { Happisburgh = | o 2 
Sas » parapet. 5 °3 feet. Tower . Top} go 12 10°5 | 8 [111°3 +112 “4: 
[_—— —] Norwich Sp. 5, | 90 6 40°0 5 |307°0 ae - 
° o fF su “ Hingham Tr 9 go 8 4 5 5 |—rrz 
aa 99 0 12°3 7 ~|307°0 Swaitham Sp. 5 | 90 7 2 8 9 [se 8: +136 2 
Ee. Docking Tr. ,, ] 90 7 25°8 8 —112°8 


Tower , ;, * 89 59 58° ‘4 oe ) 3 a = 
Gorleston Tr. 5, ~|-90. 8 4y- 7 Bens Bone ley an ee 
Tofts Tower. "190 9 3°5 |. .3 | 57-0, wrens + 8 a FreHgstat Top ee 


ly 


oe ed wor oe th See ee mm ee, 


3U0 2 





















































524 PRINCIPAL TRIANGULATION. 
Mean Zenith N nia i ane 
Stations observed. Distance. Obs, : aed Reduction.]| Stations observed. eas an pias Reduction. 
Surface. "| Surface, 
Posies Hincoam Tower. 
| Walpole, St.Peter’s . . Bas a a 

Tower . Top | 9015 53°2 | 5§ | 81-0 alert Si a8 ee eae 98) ee 
Boston Tower ,, | 90 II 59°5 6 = Buconethorns » | 99 4 34°5 5 }3°7°° 
Baconsthorpe oT 

ower. « 45) >° 
| Tower . * 99 99 9 5°3 6 59°5 Swaffham Sp. a 7 a z 292 _ 
Lynn Tower . ,, | 90 16 56°9 7 | 88°2 | South Lopham : i a 
. Tower. . 5 | 90 8 59°6 5 | 69°8 
SournwoLp s Telescope above surface 123°3 fect. Brandon . go 11 26°6 | 4 | 36:0 
TOWER. 5 tower 28°3 fect. 
| Orford Cas. (") Top is : <g 3 a: eet 86-9 Branpon. Telescope above surface 39°2 fect. 
Laxfield Tr. ,, | 909 0 49°4] 10 | 93°8 |— 86°3 ; o 4 u 
1 Toft's Tower ,, | 90 4 58°9 | 10 | 57°0 |—203°0 ily Minster Top| 90 2 56:0}; 16 j204°6 vee 
Gorleston Tr. ,, | 90 8 4°3 | 10 | 87°7 |— 7o°g | Hingham Tr. ,, | go 3 24°1 a ve |= 78°9 
Swaffham Spire(')| go 0 54°5 g |104°0 |+149°0 
| Tharfield . . Hj 90 8 29°8] 11 | I0°o |— 29°5 
| Onvorp Castie. { Telescope above surface 94° 5 feet. | Bunwell Tower* .| 90 6 8-0 8 | 78°8 i+ 69°6 
| 9 coping of tr. 9°8 fect.| S.LophamTr. Top| 90 4 17°2 8 | 69°8 i+ 75°2 
an 7 Lawshall Tr. ,, | 89 58 48°7 | Ir | 75°2 |+ 78 7 
Walton Tr. Top| go 6 2°5 3 | 91°5 | — 6°2 Lawshall ‘T'r.* 89 58 59°5 5 | 75°7 |+ 79°7 
Otley Tower ,, | 89 59 I0°0 8 | 72°8 | —6r'9g 
(Laxfield Tr. 4, | 90 I ro'2} 12 | 93°8 | — 1-7 es, 
Southwold Tr. ,, | 90 6 23°0 6 | g5°0| + 10 Gdn Towaik f Telescope above surface 125°3 feet. 
i roof . 19°3 feet. 
LAxFIELD ¢ Telescope above surface 107°1 feet. o 4 on a 
Tower. { 55 battlements 13°3 fect. | Valton Tr. Top| 90 11 4o°5 | 13 | 91°5 |— O9°2 
Lawshall Tr. ,, | 89 % 51°6| 13 | 75°2 |—145°0 
: on ow | w | Otley Tower* 90 8 20°3|] 10 | 72°0 |—116°7 
| Otley Tower’ go 4 36°5 9 | 72°8 |—109°2 | Danbury Sp. Top| 90 3 29°9 9 |I19°9 |—~ g‘o 
Mickfield Ch. Naughton Tr. ,, | 90 1 14°8 9 | 45°0 és 

Tower* go 427°2 | 12 | 58°7 |—157°3 
South Lopham : 

Tower Top | 90 7 13°4 9 9°8 |— 86-0 Tol P 
Bunwell Tower ,, | 90 § 38°31! 19 | 75°0 |— 76°0 | WALTON Tower { ete pailaet a 3 ea 
Toft’s Tower* go 10 10°5 | 16 | 62°5 |—106°7 is 
Norwich Sp. Top| go 6 18°6| 12 ‘307°0 ae on 4 u 
Southwold Tr. ,, | 90 11 1°21} 19 | gs‘o [— 35.3 | Danbury Sp. Top/ go 5 16°3| 7 |t19°9 | +27°4 
Orford Castle ,, | 90 11 13:2 | x5 | 84-7 |— 54°7 Stoke Tower , | go 2 16°6 8 |r1r°3 | +28°7 

; Aes a TE. 590+ 2.18" 7 1 45°O | —93°6 
T ; : a (Os 
‘BUNWELL { Telescope above surface 94.°7 feet. Sage kd a a ps : ss hie 
TOWER. ‘ battlements 19°7 feet. Orford Cas. Tr. ‘ go 8 23°2 9 g js 3 = 
Si a oa , | Orford Obs. 5, | 90 7 51°8| 4 | 97°5 | + 0°6 
| Norwich Sp. Top} go 2 4°7} 13 = |307°0 Ses 
| Hingham Tr. ,, | 90 1 29°8! 10 ab ae | 
Laxfield Tr.* go 728°6{) 12 | 94°3 |— 1°0 Sr. PETER’S { Telescope above surface . 86°6 fect. 
Toft’s Tower* go 10 26°5 7 | 8s-o |— 20-1 Tower. a‘ battlement 9°3 fect. 
Baconsthorpe* . | go 8 37°3 9 | 6or5 |— 48-9 
Hiatt Top} 9° 4 29°3 IO /154°8 |+109°4 | Paddlesworth . 89 56 23°O Io —159°4 
South Lopham 6 8: Frittenfield . Hj go 0 28:3 5 . —122's 
Tower. « » | 90 6 58°7| 12 | 6g+8 j|—112°2 | Walton Tr. Top | go 14 21°9 9 |ors|+ 5.5 
Bann . go 10 38°5 to 36°0 |—102°9 | Danbury Sp.* .| 90 14 13°3| 5 ~ 99°3 
| Mickfield tr. go 7 52°4 57°4 J 73-5 r ; : —132° 
Do. .Top| 90 7 50°4 es ae ee Norwood. - H{ go 8 56°5 2 132°5 
(*) Flag. * Heliostat Top. (*) Top of Tower. * Heliostat Top. 


OBSERVED ZENITH DISTANCES. 


Object 
e if Z i N . : . 7 
Stations observed. 7 ee te erie: Reduction.} Stations observed. gece 
Surface, e 


FrirtenrietD. Telescope above surface 37°5 fect. 





o f dd ai o 


SEVERNDROOG { Telescope above surface 


52 5 
x Object 
0. lobserved : 
Obs. | above Reduction. 
Surface, 


DANBURY SpPirre—continued. 


4 |ror-4 |— 29°4 
4. | 45°0 |—100°1 


17 |YII'3 |— 22°7 
I2 | 92°5 |— 39°90 
at dd 3 1 ae 
17 | 28°5 |—158°6 
II | 32°0 |— 97°7 





. 68°9 fect. 


top of battlement 6:0 fect. 











Fairlight Down. H | go 11 32°2 II 2°4| —55°8 | Lawshall Tower*. | go 
Beachy Head. H| 90 17 15°4 | 12 0°5 | —35°3 | Naughton Tr.* go 
Crowborough. IT} 90 8 s5-o} 11 2°3 | —43°8 | Stoke Tower Top | 90 
Leith Hill Tower | 90 15 2°5 9 | 45°38} + 6°2 | Walton Tower* . | 90 
Leith Hill Tr. Hj} go 15 50°4 9 0°9 | —27°3 | St. Peter’s Tr. Top | go 
Wrotham. . H{ go 5 45°7 | 15 | 23°5 | —21°8 | Norwood . . HH] go 
Danbury Spire go 16 35°5 7 {119°9 | +86°8 | Frittenfield . TZ] go 
Norwood . . «| 90 21 40°'0 6 | 29°5 | —21°7 : 
Walton Tower HJ 90 24 59°6| 10 | 91°5 | +42°6 
St. Peter’s Tr. Top | 90 20 31°0 | Ir | 77°3 | +56°4 
Paddlesworth ,, | 90 6 7°5 | I5 {| 32°3 | —I4°0 TOWER : 
‘Pappieswortn. Telescope above surface 37°5 fect. “s ae a Tr.'Top 5 
ie Banstead . . HH! go 
Fairlight Down. WH} go 12 192] 1 2:4 | —a4g'r | St. Ann’s. . Hj go 
Crowborough HH} go 13 ee - a ai Hanger Hill Tr. H} go 
Frittenficld. Top St. Paul’s Cath. (*) | go 
of Stage ~| 90 5 13°5 9 | 39°81 + 62 Berkhampstead. H | go 
Walton 'Tower* 9O 23 43°5 10 | o1°5 | +42°3 ooo ; Oe go 
st. Peter’s Tr. To 0 : | 7m. +2 | Lppingvupola, Lop; 9° 
St. Peter’s Tr. Top} 90 20 45°2 | 12 | yy i) a way Og Gad’s Hill. H| 90 





Wrotham . 
Norwoop. Telescope above surface 31 fect. 








i 
. 


j 
° 


58 3 


74, | 
57 28°4 | 
0 59°3 | 
16 26°7 | 
15 33°5 | 
7 2374 | 
8 26°5 | 
13 5675 | 
7 48°38 | 
12 56°5 | 
50 60 | 


11 4°O |— 92°5 
BE 5 ee 33-0 
Be ae 
4. 102 
15 | 38°8 — 73°5 
6 (352°8 ! aie 
II {fo4"0 i++ 63°5 
II I°5 i—21g9'0 
Shae ee eS ae a 
Th. 13 i148 "4 
19 | 33°68 .— 97°2 








Goes nls 7 6 ere a ; miss Spe aaa above ee 178 °3 ete 
Gad’s Hill(’). .| 90 4 69] 1 | i. l= 75°8 2 ocala A eet 
Danbury Sp. Top} 90 3 46°44) I1 j119°g |+146°5 oe u 
Walton Tower* .| 90 16 13°8 | 14 | g2°0 |+ 64°8 | Epping Cupola H] 90 10 37°2 | 11 | 60°7 an 
St. Peter’s Tr. Top | 90 11 13°3 9 | 77°3 |+ 70°9 | Berkhampstead. H| 90 to 46:0 | 21r | 96°9 ‘ee 
Frittenfield . Hj 89 49 16'0 | 10 4°5 |— 71°8 | Tharfield. Top of 
| Pole . . .|90 3 39°0] Ir | 30°0 
Balsham. Top of 
Gav’s Hiri. Telescope above surface 5°8 feet. Observatory Oo 7 Oe ET dhe 
: Stoke Tower . JI! go - 53°0 : 142°8 
o 4 ou « | Danbury Sp. Top | go 29°2 I 119°9 
Severndroog (*) go 0 22°4{ 18 | 62°9 |+125-2 il Tr. : g | ; 
Epping Cupola. H| 90 5 47°9 | 12 | 60°3 [+ 85°6 ce Oa | ee 
oe Sp. Top| go 2 8 Id |119°g |+208°0 
orwood . . HH} 90 7 39°8 | 19 4-8 |— 2°79 , 3 
Telescope abave surface 73°5 fect. 
i a US Towsr 4 i tower | 5+ feet. 
Senne Telescope above surface . 124°8 feet. o fr ou u 
Dannory Spe Parapet ; 570 fect. | Tharficld . . «| 90 1 34°0} I4 | 30%0 
Sa ee | Cambridge Obs. (7) |: 90 24.22 °6 |. ~ 11 ge: 
peu Oo 4 «a » |Ely Minster Top} 90 13 42°09 | 14 :204° oat 
See a): ~| 90 12 5*o 2 .. [—227°5 | Swaffham Tr. ,, | 90 16 22°2 8 |104°0 84 
: ro see "os +190 3.5575 9 | 42°0 |—106°6 | Swaffham Sp. ,, | 90 15 12°5 4. |154°8 
bbe ti eh 90 10 g°8} 10 | 67°9 |— 79°1 | Lawshall Tr. TH} 90 7 29°75 h 10 |103°Q |  « 
Thaxted ba eae -|99 8 47°9| 14 | 66°5 |—117°3 | Thaxted Sp. Top} 90 3 8°5 | 9 {|174°0] o 
Pe *0P| 90 7 24°2 | 35 |174°0 |-+100'2 | Keysoe Sp. . ,, | 90 13 46°5 5 ote ae 
* Heliostat Top. (') Top of Obelisk. * Heliostat Top. (') Top of Cross. 


(?) Top of Tower. 


-() Top of Dome. 


—— LS Ac SSS SSS SS A an 


526 PRINCIPAL TRIANGULATION. 


Bs | 











16 | 68:0 a | 


Heer ee eer a ESE SE ST SE, 
Cuincrorp. Telescope above surface 6*3 feet. 


Nin O 


Easton Tower H | go 11 4 
Walpole, Saint 
Peter’s . Top} go 13 24° 





Zenith | N Object Object 
Stations observed. rare ‘Obs. eivihy Reduction.}| Stations observed. as an on pea Reduction. 
- rere | Surface} aus : Surface. | 
fs Telescope above surface. 219°3 fect. Leiti Hirt TowEr—continued. - 
ee Maxstor { - oy battlement  14°7 feet. ae ae ) . 
i Epping Poor Ho.H | go 24 45°5 9 | 60°7 | +10°3 
Keysoe Spire Top | go 9 52 15 a ae ee a I¥{ 90 16 4°8} 10 | 15°4 | —44°3 
Tharfield . < Hj} 90 4 30:8] 15 2°5 bis Beachy Head 3s a - ee Qf ioe me: 
Lynn Old Tr. Top| go 13 18-9 | x1 | 88-2 “+ [Ditching 7 oon vn iy -, aT 
oe. Ce eet St. Paul's(") © | 90 24 35's | & [gse8| o>” 
Cambridge Obs. (') goizto7| 7 |... ... | Hanger Hill'Tr. Z| 90 29 §8 4] 6 | 4o-5 | —14°5 
BalshamCh.Tr.Top| go 1 5°! 
3 
8 


II 810 

















St. Paul’s(") .. 89 55 26°8 6 |352°8 ates 
| Leith Hill. . H{ go 1 20°8 |: 3°] 4tr|J— 24 
Errine Cupota. Telescope above surface 63°0 feet. | Berkhampstead . | 89 53 Ke 4 | 97°0 |+359°1 
Wrotham. . H | 89 56 36°4 Z 34°4 I+ 43°5 

ce ia 2 A droog . . | 8 2°O 63°r |-- 184° 

Severndroog . H} 90 4 59°2 8 | 62°9 |— or2 Severndroog 2:99:42" 9:| 3" 
Leith Hill Tower. EI 90 7 22°71 /] 13 we [— 582 | Banstead . . H| go 2 2:2 : Voi 73 

St. Paul’s. . .| 90 6 ae Z 352"8 ae 

shileecit aay 6 ; ae 6 | t0°e ae Broapway Tower. Telescope above surface 56:1 feet. 
Dunstable. . H] 90 3 32°3 5 jae ose a aa a 
Danbury Spire .| 90 4 54°2 | 13 128+5 |4+131°g| Cradle. . . H| go 211'8| 27 0°3 | —39°6 
Gad’s Hill(?). . | 90 10 45°0 2 .. |= gg'o | Malvern . . .| 89 58 56°6 | 15 5°83 | —88+9 
Wrotham. . .{| 90 I O77] Ir | 42°0 |— 29°6 | Malvern . . H! 89°59 4°3 |” 33 I'5 | —96°3 
Wrotham. . Hj 90 1 22°0| 4 | 24*9 |— 53:7 | Arbury Hill . Hi go 18 42°3 | 20 4°0 | —67"g 
Thaxted Spire .| 90 § 15°4] 17 174.°0 4-220°7 | WhiteHorseHill.H ; go 16 52°5 | 24 I*7 | —64°3 
Tharfield . . H| 90 § 14°3 5 ... |—108°6 | Bardon Hill . H' go 21 46°6} 23 0°o | —41°8 
Tharfiedd . . «| 90 3 51°6 g | 30°0 |— 56°9 | —_ 





Matvern. Telescope above surface 5°5 fect. 





TuanrrietD, Telescope above surface 37° 5 feet. 


oO tf ul “ Cradle. . . 2s 89 49 47°9 8 od — 61 

Keysoe Spire. .{ 90 14 43°8)} 11 .e '/— 63°t | Arbury . . HH} go 26 8:0 8 50] — o774 
Berkhampstead. H | 90 11 25°6 101.3 |-+135°2 | Broadway Tr. Top| 90 17 6°3 4. 1 44°9 | +69°5 
Dunstable. . Hi go 3 7°3 -. |— 61°3 | Broadway Tower. | 90 18 59°0 7 wv | — 9°7 
Ely Minster . .| 90 17 36°2 204.°6 |-+-22 WhiteHorseHill.H | 90 25 1471 7 goa fee ng 
7 8 oe | — 57 


Balsham Tower .| 90 11 50°3 
Thaxted Spire .| 90 10 6°3 
Epping Cupola . {| go 12 48°8 
Hanslope Spire .| 90 13 19°8 


3 

3 : 

‘5 | Long Mount Pole. | 90 8 32: 
9 . | 

I 

6 


Crave. Telescope above surface 5°5 fect. 





10 
15 
13 

Brandon . . Hj go 20 59°1 : 36°0 |— 
5 
5 
4 


‘tr. 
_/™ 


i te DunkeryBeacon.H | go 31 S84 

Leirn Win. aes above surface . 49°5 feet. alias " I° 33 ae 
Tower . 7 9 battlement 3°8 feet. Mendip : 7 H as i ae 

o o4ou Plynlimmon . ./{ go 19 10°3 

Butser. : . H]| 90 13 41°4 10 2°g | —6r°o | Cader Idris . , gO 19 23°4 
Inkpen . . Hy) 90 18 30°5 | 13 4°3 | —36°r1 | Snowdon. . .j} 90 24 19°3 
WhiteHorseHill.H | 90 23 1°51} xr | 24°6 | —16°6 | Long Mount Pole, go 30 9°8 
Dunstable. . H| go 20 41°3 9 .. | —40°2 | Malvern . . , | go 36 13°0 
Berkhampstead H| 90 24 6°0 | 11 |ror+s | +48+9 | Broadway Tower. | 90 39 35°4 
Severndroog . H| 90 23 12°6 | 13 | 62*9 | +19°1 | WhiteHorseHill.H | go 42 42°9 
Frittenfield . TH) 90 23 38°3 | 8 | 417) — 5:8] Arrenig . . .| 90 24 44°4 


Ny COOL OE AON AAG 
Tl rErriddidbtidd 
OOOH HUN wOMT 


4 





(") Top of Dome. (*) Top of Obelisk. =| (') Top of Cross. 


== ee 4 _ — — . = , : ene 
ee ee ar sa ca 


Stations observed. 





Mean Zenith 
Distance, 


OBSERVED ZENITH DISTANCES. 


No. 
Obs. 


Object | 
observed! 
above 
Surface. : 


Reduction. 


Precetty. Telescope above surface 5°5 fect. 





Snowdon. . 
Cader Idris. 
Plynlimmon . 
Cradle. . . H 
DunkeryBeacon.H 


|} Paracombe . H 


Paracombe . . 
High Wilhays H 
Lundy Island. H 


{Tara . . .H 


Kippure . . H 
Forth... 
Mount Leinster 





Q 


15 51°8 
Il 11°3 
Tr 55°4 
18 10°4 
27 47°3 
26 14°5 
26 22° 


31 38° 


36 53° 
35 Iz° 
37 -37° 
29 30°9 


©) 

8 
35 9°8 

O |. 

3 

I 


aw dNYBin HN VUOUI~sT Con] 


om 


PNA KP NOW NWWOH dD. 
YBTON OWN NO OUT DH 


Racer ronen a ae 


Lunpy Isranp. Telescope above surface 5°5 fect. 





Hensbarrow -; 
Trevose Head 


| Precelly 


Paracombe . 
High Wilhays 
Brown Willy . 
Brown Willy . 


H 
H 
H 
Paracombe . H 
H 
H 


90 
go 
go 
89 
89 
89 


go 


_ 





I+ rtrd 


Ww Qe Atnww wn 
fw He Om OW 


_, Panacompe. _ Telescope above surface 5°5 fect... 








(') Top of Cross, 








High Wilhays 90 3 51°1 If we | — 62 
Brown Willy . Hj 90 21 8°5 4 | 13°0 | + 5°7 
Brown Willy . go 20 56'9 4 ee ee 
Lundy Island. 90 33. 5°6 7 vee | — OT 
Precelly . . TH} go 21 56-4 Io 10). 27 
Cradle. . . H| go 17 32°6] 12 3} —2°7 
Dunkery Beacon . | 89 57 32°2 | 16 we | —18°0 
Wrotnam. Telescope above surface 37°5 feet. 

Crowborough. H go 7 1g't | II a3 —72'°6 
|Ditchling . . Hi go 11 2°9 | to | 4x4! + 4°6 
Leith Hill Tr. H| 90 6 481 | 20 | 45°8 | +10" 

Epping Cupola .| go 18 41°1 g | 66-5, +40 

Hanger Hill Tr. Hj go 23 30°0 | 10 | 40°5 | + 4:0 
Fairlight . . H| go 17 o°5 | .14 2°4.{ —40°7 
Berkhampstead H| 90 19 40°5 | 11 |10r°s | +71°1 
Danbury Spire Top| go 18 5°3 4 |Il9°9 IL 106°2 
Frittenfield . H{ go 12 52°6| 11 | 4t-7| + 6°5 
Dunstable. . H{ go 18 40°O 2 {29°83 | — 5°9 
Severndroog . H| 90 21 6:2{ 17 | 62°9 | +69°9 
St. Paul’s(") . 21 go 19 41°7 | 10 |3z52°8 

Norwood. . Hl} 90 23 15°8| 9 [2g-s | —12°7 
Gad’s Hill (°). go 32 43°9 6 oan —142°6 
| . aes 


(7) Lop of Obelisk. 





| 


Mean Zenith 
Distance, 


‘Stations observed. 


No. 
Obs. 


527 


Object 


observed , 
ous Reduction. 


Surface. 





Leith Hill. . H{ 89 44 42 
St. Ann’s. .. H| go 23 14° 
King’s Arbour HH {90 27 1 
Hampton  Poor- 

house . . H| go 37 35° 
WangerHillTr.Top | go 22 0° 
St. Paul’s (') . «| 90 13 27 
Chingford. -. H| 90 17 23 
Epping Cupola H| go 15 § 
SeverndroogCastle | go 11 36 
Berkhampstead_ H | go 11 39 


OOMNUNGOU uw COO 


BansteEap. ‘Telescope above surface 37°8 feet. 


“ 
A°2 |—=1IO'S 


t°4 | —-97°7 
23°4 | —36°9 
30°O | —30°3 
31°8 | —15°7 
362°8 ie 

1°2 | —59°8 
60°3 | +28°9 
62°9 | +62°5 
Ilo°2 ee 





Hancer Hitt Tower. Telescope above surface 41°8 feet. 


Leith Hill Tower. | 89 48 19°7 


Hampton (Poor- | 

house . . H|} go 16 23°0 
St. Ann’s. . H/| go 6 31'0 
King’s Arbour Hj} 90 13 54°8 
St. Paul’s (7)... | 89 50 3°5 
Severndroog Tr. H | 89 56 39°5 
Wrotham . . H| 89 58 3°4 
Banstead . 89 50 52°0 


12 


3 
II 


2 


5 


12 


7. 
8 


4s‘S|+ 6's 


35°0 |— 36°2 
I°2 |—-121°5 | 
35°5 |— 34°0 
352°8 oe 
69°7 |+ 68'2 | 
34°4 |= 9°9 
. |—I10'9 





Wuitr Horse Hitt. Telescope above surface 37°5 fect. 


o i TI 


Mendip . . H/} 90 16 20°0 
Cradle. . . H| go 10 28°1 
Malvern . . «| 90 If 26°9 
Broadway Tower. | 90 8 18°0 
Arbury Hill . H| go 18 46°0 
Dunstable. . Hj} 90 19 6°8 


Leith Hill. . H') 90 20 469 
Inkpen . . «| 90 2 39°5 





43°71} + 4°9 
I'o | ~19°9° 
ass —29°7 
44°9 | + 8°8 
80°8 | +35°7 
. | 302 
1°6 | —23°9 
: —GI°4 


SS a SS 


DunstaLLte. ‘Telescope above surface 37°5 feet. 


°o ‘ d 


Hanslope Sp. Top! 90 15 55°7 
Leith Hill Tr. ,, | go 15 23°9 
Leith Hill. Surf.} 90 15 57°6 
Arbury Hill . Hj} 90 15 38°4 
Tharfield. . «| 90 14 59°! 
Tharfieldd. . .| 909 15 42°9 
WhiteHorseHill.H | 90 17 46°1 
NasebyCh.Tr. Top | 90 16 47°5 
Epping Cupola . | 90 19 46°! 
Berkhampstead H | go 19 40°6 
Wrotham. . H! 90 19 53°5 
Keysoe Spire. Top | 90 21 20°2 


(‘) Top of Observatory. 


Oo Chr 2 ST AO & ST 00 60 Cun 





—69"0 
+ 6°7 
30") 
—38°5 
—12°3 
—61°3 
—30°2 
438-1 
+130°7 
—28°3 


—54°1 


45°8 


30°0 


59°3 
IOI’S 


(7) Top of Cross. | 
a he ee 
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Zenith N dik ; Object 

. Mean Zenit 0. {observe fate : Mean Zenith No. observed : 

Stations observed, Distance. Obs. | above | Xeduction.} Stations observed. Distance. Obs. | above | Reduction. 
Surface. Surface. 








Inxren. Telescope above surface 20°4 fect. 





Barvon Hirt. Telescope above surface 5°5 feet. 


Dean Hill . .{ 90 20 43°4 





38°90 +29'0 














4 . 6 i “i if 
Beacon Hill . .| 90 18 37-0 g . | —49°4 | Tilton. 2. ©. «1 90 22 37°2 3 —10°9 
Wingreen . H]| 90 15 40°6 | 19 1°5 | —19°6 | Broadway Tower | 90 18 1°o 3 — 4°! 
| Westbury Down .| 90 16 3:5 8 . | —26° Malvern . | 90 16 57-8 3 — 3°6 
Upecot Down . .1 90 9 47°6 I . | —46°4 | Mowcopt . . EH 90 14 11°9 3 — 4°6. 
Butser . . H| go 14 17°5 | 13 1203 Axedge oe we QO: 3. 25.°3 3 — 4°8 
Dunnose . . Hy go 22 1°9 | 15 1°56 | —14°2 | Back Tor. me i, ae 6 32°5 I — 4°2 
White Horse Hill go Ir 15°6 15 ees —49°7 Lincoln Minst. Top | go 24 1070 6 ie 
Leith Hill . H{ go 18 20°0] 14 | 5°4] —12‘0 | Arbury Hill . Wj go 16 35°5| 7 — 63. 
Nodes Beacon .!| go 24 43°8 2 ... |'—16°8 | Long Mount . I1| 90 17 9°5 I = 3°3 
Buckminster Spire, 
— Top| 90 18 1°3 — 8’o 
Soutn Lopnau Tower. ‘Telescope above surface Naseby Tower ,, | 90 14 19°9 3 — 8°3 
89°3 feet. 
Lawshall Tr. Top} 90 2 3:0 3. | /5°2 | ~27°2 | Sr. Mantin’s Heap. Telescope above surface 5°1 feet. 
Lawshall Tr.* *|g0 2 6:0 8 | 75°7 | —26°2 
Brandon . . . go 7 18*2 2 36-0 nes } ; oO 4 4 “ 
Brandoh . . .{ 90 7 21°8 20 Lagat -- | Peninnis Windmill} 90 4 28:2 | 18 | 25:8 ius 
Brandon . . H| go 7 28°0 4. | 36°0 vee | | Telegraph Tower | 89 51 13°2 | 17 | 41°5 ams 
Brandon . . .]| 90 8 46°2 I san : Beacon Hill, Tres- | _ 
Swaffham Sp. Top| go 3 27°7 4 1154°8 s+ =f cow. . . .190 3 2°90 | ; —59°0 
HinghamCh.Tr.,,| go 1 41°3 6 ni --- |Karnminnis . H| 90 1 2'7] 12 ~ | — 5°5 
| Bunwell Tower ,,| 90 1 47°0 | 13 | 75°2 | —63°4 | Karn Galver. H 89 58 19'1 | 22 2°5 | — 3°1 
Laxfield Tower ,,| 90 6 6°9 3 | 93°8 | +10°6 | Pertinney . H} 89 57 58:8] 19 2°5 | — 3°65 
Laxfield Tower* .| 90 6 9°3 6 | 94°3 | +11°5 | Wolf Rock . .| 90 31 48°3 "7 . [— 97 
Mickfield Tower *| 90 4 2374] 10 | Goro | —82°9 


MicxrieLp Tower. ‘Telescope above surface 84°7 fect. Peninnis Winpsnti. Telescope above surface 31°8 feet. 








aera “| St. Agnes’ Light-| 7° ' | ' 
Naughton Tr. Top} go 1 7°r | 21- | 45°0 |—146°5 5 © 
Lawshall Tr.* .| 90 1 40°5 9 | 75°7 | —20°2) ae ete 89 54 36°5 2 
Lawshall Tr. Top| go 1 30°5 | 12 | 75°2 | —21°3 iy eae ; jo, evga ae 
5 ou one leo apteeg Rona ply oe Telegraph Tower 89 31 20°3 | 11 | 4I°5 
es ee tera 28" "275, Ol Nato Karn Galver . I1| 90 0 29° 15 2°5 
| Bunwell Tower* .| 90 7 32°9 | 18 | 76°2 | —17°2 St. Martin’s Head 9 9°3 
Laxfield Tower (")| 90 5 40°6 | 20 | 93°8 | +29°8 ns mae et 9 geod ns ae 
Otley Tower. Top| 90 5 12°3 | 27 | 72°8 | —77°3 y a me bad ca 4 


Pertinny . . HH} 89 59 56°2 | 15 
iWolf Rock . . 5S 7 se 5 





Lone Mount. Telescope above surface 5°5 fect. 








Cradlo . . «| 90 1 23°75] 15 a3 5" I OTLEY Tower. ‘Telescope above surface 88°6 feet. 
Plynlimmon . .{ 90 1 25°4] 41 — 5°5 
ac ay - «| 89 58 oo 8 _ 4°8 Stoke Tower. Top 90 4 46" a} 13 frire3 | + 49° 7 
aaa a ID ao Os + —~ 3°4 | Naughton Tr. ,, go rt 69} 13 | 45°0 se 
| Cyrn-y- a ul ele) is 7 ~.9°9 | Mickfield Tr, ,, | g0 4 0°5 | 13 57°O 56 
pAxedge . . go a: 7 ~ 3.3]; Laxfield Tr. ,, | 90 5 35:0 | 3 | 93:8 | +167 
Malvern . u ae *9 9 sas ~ 3'7 | Laxfield Tr.* , | go 6 O°4 ; 13 | 94°3 | +180 
bah ae a z > a : ; | Orford Castle. ‘Top | g0 11 40°5 | 23 | 84:7 | —11-0 
ar z 7 — y rn is o- e 
Avene’ 6 5 | 06 0.208 $ ee Walton Tower ,, | go 10 46:2 | 22 | gt°5 | + 5°7 


a 


* Heliostat Top. (*) Top of Pinnacles. * Heliostat Top. 


Stations observed. 





Mean Zenith 
Distance. 


OBSERVED ZENITH DISTANCES. 





*s Object 

Oo ‘observed ‘ 

Obs. ahaa Reduction. 
| Surface. 


Tirron. ‘Telescope above surface 5°5 fect. 





Naseby Tr. 
Bardon 
Buckminster Spire 
Easton Ch.'Tr. ‘Lop 
Keysoe Spire ,, 
Arbury Hill (’) 


Top 


90 
go 
90 I 
go 2 
2 
I 


0 


9 
go 


WALPOLE, St. Peter's Tower. 


Easton Tower.Top 
Boston Tower ,, 
Docking Tr. _ ,, 
Lynn Old Tr. ,, 
Swaffham Spire (’) 
Isly Minster. Top 


SWAFFIIAM SPIRE. 
I a er ee a a ee ee 


Lynn Old Tr. Top 
Wingham Tr. 
Walpole St. Poter’s 
Tower. Top 
Boston Tower _,, 
BaconsthorpeTr. ,, 
Ely Minster. _,, 
Brandon . . H 
S. Lopham Tr. Top 
Bunwell Tr. ,, 
Lawshall Tr. ,, 
Lawshall Tr. * 


Dean Hirt. 





Southampton. H 
Winercen . 


WestburyDown H 


Stoke Hill. . H 
Milk Hill . II 
Beacon Hill . 
Inkpen t 


Old Sarum Cas. H 
Four Mile Stone . 
Old Lodge . H 
Coringdon . H 
Swyre Barrow H 
Horton’s Gazebo. 

f ‘op 
« Jd 
. i 


Butser Till 
Dunnose 
Nodes Beacon 


~~ 


oma 


fe) 
4 dee o°9 
2 wes 6 9 
I 
8 
2 


Telescope above surface 
g1°5 feet. 
go 535°8| 7 | 728]... 
go I 44°3 9 ses : 
89 59 18°7 | 12 as 
gO 2 22°3 |] 15 | 88:2 
89 58 34°7 | 9 |141°8 
90 3 36'0 Q |204°6 


Telescope above surface 135°8 tect. 


ie) ‘ 4 


= 
un 
a 
Ww 
Nin FH COCKOWW W OO 


Ww 
+. 00 
in tn 


uni 
fon) 
a 
“I fore) 

HP COP NW NWW UA 


ww 

& 

oO 
Cots -—> 60 


(*) Top of Observatory. 


sé 


Telescope above surface 38°3 feet. 


15 | 88°2 

21 

IO | 8r°o ; 
5 de . 
3 | 59°5 : 
13 |204°6 - 
8 | 36°0 ; 
5 | 69°8 

I | 75°0 

3. | 75°2 

5 | 75°7 

7 | satr|+ 39°77 
5 cee [= 74°5 
Oi lp 205 ren g2"7 
2 2°5 | 57°4 
6 | 3°3 |— 54°0 
6 1°5 |—130°8 
5 2°0 |= 59°9 
3 1°8 j—180°5 
4 soe (—139°3 
5 | 27°3 |— 60°3 
3 4°5 | 42°2 
4 I°5 j— 40°9 
4. wee [— 84°2 
8 | 3°0 |— 46°7 
9 2°3 [> 40°5 
2 seer eee 50S 


* Heliostat Top. 


529 
Object 
Stations observed. a ee a ee Reduction. 
Surface. 
WINGREEN. ‘Telescope above surface 5°5 fect. 

Westbury Down . | 90 12 36°7 8 sie ae PES 

Inkpen Wj} 9013 4°4}] 16 S°4\=s -2°2 

Inkpen - «| 90 12 56°6 4 O'O |— 5°97 

Beacon Hill . H| go 15 42°0 5 I'o j— 8'1 

Dean Hill . H! go 20 33°8 7 2°5|— 5°8 

Pillesdon . . H| 90 12 I9°7 8 | 31° j+ 29°3 
Mendip. Top of 

Stage . . «| 90 S$ 11°77] Ir | O7°5 |+144°2 

Mendip - «| 90 6 5o°o 4 070 |— 8°6 

Butser - H{ go 18 45°6] 15 we | 44 

Dunnose . . H]| 90 19 33°7] 12 I°Zi— 3°5 
Horton’s Gazebo, 

Top | 90 37 58:0} Io — 19°8 

Coringdon go 16 12°3 | 18 — 8:6 

Swyre Barrow 90 15 43°1 | 16 — 8:2 

Nodes Beacon go 20 28°4 6 — 6°5 


Westbury Down, 





Telescope above surface 10 °3 feet. 


~ 
~ 
bead 








Upcot Down . H! 90 3 44°7 | 27 o°5 I— 18°3 
Upceot Down . «| 90 3 49°3 4. . [— I19°2 
Milk Hill . .| 89 56 41°2 | 21 . f- 26°9 
Stoke Hill -| 90 6 58°8 | 32 ve foT12°5 
Inkpen . . TI} 90 6 33°6| 22 I*5 |— I's 
Beacon Hill . H| 90 10 8°14 | to 2°3 |— 16°5 
Beacon Hill ~ | 9O IO 14°3 4. w [= 21°2 
Dean Hill. II! 90 15 60°66} 13 1°5 |— 13°0 
Dean Hill. ~| 90 15 53°! 6 w [om 15°2 
Wingreen . ~{ 90 I 57°22] 16 w [om 21°2 
Old Lodge . Hj 9014 4°6j 12 I°5 |— 14°9 
Four Mile Stone . | 90 16 I2°0 | we [— 25°5 
Mendip IE) 89 58 govr | 17 3°3 |j— 15°97 
Mendip .| 89 58 23°8 | 18 w fm 22°9 
Oxtp Lopcr. Telescope above surface 22°6 feet. 
Dean Hill. . H| 90 6 13°8 | 17 | 33°5 I+ 59°3 
Wingreen. . 89 58 50°! 8 ws | 39°! 
Old Sarum Castle . go 18 38°7)} 19 wee J 118°7 
Old Sarum Gun 90 33 40°3 | 21 6°5 |— 88'9 
Four Mile Stone .| go 8 27-2 5 we [= 96°4 
Westbury Down .| go 3 28°3 4 | 14°70 |— 14°4 
Westbury Down .| 90 3 31°9 5 wee fr 38°70 
Stoke Hill. . Hj go 2 49°2 | 2 3°0 |— 37°5 
Stoke Hill. 90 2 46'o ae |[— 43°73 
Beacon Hill . .| 89 50 5°5 | 30 —187°6 
Milk Hill. . H]| 89 53 46-9} 15 | 3°8 |— 38°9 
Milk Hill. . .| 89 53 48-2] 11 — 46°7— 
Inkpen 89 51 15°8 | 15 — 51°8 


3x 


530 PRINCIPAL TRIANGULATION. 
{ean Zenith N bsorved a 
: en 0. jobse . i 
Stations observed. . Dien = Obs. Siac Reduction.| Stations observed. ers raed daehles Reduction. 
Surface, Surface. 








Dunxkery BEAcON. Telescope above surface 5°3 feet. 


TIensparrow. Telescope above surface 5°5 feet. 








il 


baad 
~ 

















High Wilhays ~.| 90 8 21°7| 9 | .. | — eee ln. “ ul 
Brown Willy. .| 90 25 32°8 5 a ae ee W 90 39 579 8 ee i ae) 
Paracombe .| 90.11 59°3] at | ... | —17°5 | thrown Will Be eee | ey. Ue We 
Precelly H| 90 26 58'5| 4 | o°8| — 2:4 aioh Withays H| so taase| 2 | vie] e8 
Cradle. . . H| 90 9 31°6] 13 I'2 | — 2°8 Wich Wilhars | ae 59 vore ; 2 a 3°8 
Mendip H{ go 26 53°6 | 12 | 21°3 | +13°8 Mak T *) T 9 59 6s on ie oe 
Pillesdon . . Hi 90 27 48°3] 18 | 1'9|—33]p cam lo} ot 3 3 | 694 | +887 
etal Will . go ye oe - 19's | +10°7 
eadman . . | 90 42 IIo we | IQ'l 
Goonhilly. . H]| 90 25 56°3j 11 2°3 | — a> 
Mxnpir. Telescope above surface 37°5 fect. Karnborliis “ 2 ee op fk ac 7 A 
| a | ‘| , {Lertinny . . FH} go 19 55°8 6 2°O | — 3°3 
Pillesdon . . IL} 90.13 41°8, 10 | 15 | ~45°4 | Pertinny . . .| 90 19 52°5 3 - | — 52 
Pillesdon . . .!| 90 13 51°8 | 2 | .. | —47°3 | Karnminnis . Wj) 90 17 1°9) 35 2°0 | — 4°0 
High Wilhays IT} go 18 32°1 | 6 | ... | —19°8 | St.Agnes’BeaconIL| go 22 7°7 7 | L1°O | +11°7 
Dunkery .. . Hj 90 6 9°3 3 I°3 | —31°2 
Dunkery .. .| 90 6 26'1 | 9 see 1 Ses 
Cradle. . Wj} go 2 15°8) 11 I°O | —25°3 -Trevose Heap. ‘Telescope above surface 6°8 feet. 
Malvern . IL} go 18 §3°9 | 14 I°s | —22°7 
WhitceHorseHill.H | 90 19 36°3 7 | 34c | — 2° o fn “ 
Inkpen . . H}| 9017 18°9| 8 | + 6:6 | Lundy Island H} 90 13 49°5 | 33 | 2°6| — 3°6 
9 45°5 | 
Westbury Down .| 90 16 8-0] 11 wee | —=83°0 Brown Willy, Top 
Beacon Hill . IL! 90 19 31°5 | 12 2° ae — 38° of Pile. . 89 28 34°5 | 20 | 13°0 | +12°6 
Wingreen . go 11 56°8| 15 —58:q | Hensbarrow, Top | 
| | | gsr . : 89 30 48°1 13 tr°7 | +12°8 
. genes 3cacon, | 
Rypver’s Witt. Telescope above surface 5°8 feet. : Top of Pile _ 89 54. 14°3 | 12 | r1°O | + a | 
arnminnis . H]| go 1 12°3 | 20 3] — 6° 
Hcniaas HI 9 o PP ne é se ae Karn Galver, cas : ° 
Hensbarrow . H| go 26 132] 14 I°2 | — 4°4 meen i | 7 Se 
Brown Willy. H| 90 18 30°6 6 1°3 | — 5°6 
Brown Will go 18 13°9 6 | 13°5} + 9° 
High Wilhays 89 47 51°7| 11 | 19:0 | +38 ie DreapMAN. Telescope above surface 9:0 feet. 
Pillesdon . . H{ 9029 4°6{ 15 | 1°3 | — 3°5 
Barrow Hill . go 46 13°6 | 10 | 10°r | + 7°9 | Yensbarrow Topi °° i 
Barrow Hill . go 46 32°3 3 we | —10°S | of Pio 89 26 14°8 | 18 |-rre7 | + gra 
eels . Hi go 32 tr'8 |] x2 | 1°4 | — 2°9 | Brown Willy, Top 
Som {9037 S44] 3 | SS] —EF| otras”. lao as at-6 | ue Jasco) + gc 
VWigh Wilhays H 89 54 34°7 | 24 I°5 | — 6'2 
| Ryder’s Hill - H]| 89 57 20°6 | 22 1°3 | — 6°§ 
Hien Winuars. Telescope above surface 7:0 fect. Sheek lis, : Top 99 7 57°7| 18 coo | —~L7°O 
fe) ‘ 4 u of Pile . : 89 51 46°0 I II°o = °I 
Paracombe ~| 90 21 38°6 7 | 10°5 | + g:o | St. Agnes, oe of ‘ ; 
Paracombe . IL} go 21 51°7. 5 2°3 | — 5°3 Pile. 89 59 26°9 | 14 | 1r°0 | + 4°0 
Lundy Island. Hj 90 39 464; 15 | of8 | — 5°4 "| 
Deadman . TH} go 40 a 4 Reo esrea Pe ea ee 
Hensbarrow . H | 90 31 38° 12 1° as ee . 
Brown Willy. . a6 6 "7°8 11 | 33 - e : = Karn Gatver. ‘Telescope above surface 5'1 fect. 
Precelly Hi go 36 16: 14 1°5 | — 293 eS 
Dunkery . .| 90 19 32°3 | Io | 20°oO | +13°5 | Pertinny ., O16 2 +8 i 
Mendip Ii} go 36 38:0} x2 | 21-2 | + ai St. eee Light- : 5 " a : epee 
Pillesdon . H| 90 33 35°6] 17 I*4| — 4°1 house Lop | 99 25 34°0 | 11 a 53 
Ryders Hill . | gO 21 55°7 14 1I*5 | +13°2 |] Peninnis Wind- 
Blackdown H| go 36 ihe 6 5°6 | — o0°8 _ mill, Top | 90 25 42°6| 12 | 25°8 | +22°4 
Swyre Barrow H| 90 41 41°9 8 2°5 | — 2°: | Telegraph Tr. 12 











» | 90 24 27°0 


soy 7 me me et : = ay’ 7 


"oo." 
= 4° 





















































! OBSERVED ZENITH DISTANCES. 531 
; Object ! Object 
Stations observed. ee o ae petal Reduction.} Stations observed, — oe oe prablas Reduction. | 
Surface. Surface. 
Karn GALVER— continued. Naseny Tower. 
St. Martin’s Head “ - . Arbury Will . 90 4 4 3 5 6 _ ia 
Daymark Top | go 24 42°9 ; 12 | 40°0 | +42°5 | Arbury Hill . go 3 55°2 4 | 25° ; 
Beacon Hill, Tres- | Bardon Hill Obsy. | go 3 55°5 5 | Bes 
cow. . Top! 90 25 48*g | 10 —~ 5°6 | Tilton. : 90 5 18°2]| Io ses ses 
Trevose Head H | 9° 24 I'°7 | 14 5 | — 3°8 | Easton Tower Top go 18 15°! 6 | 72°8 ‘ 
Karnminnis ~'90 4 43°6 | 25 | Ir°0 | +56°8 | Keysoe Spire. ,, | go 18 14°8 4 aes an 
Hensbarrow . H! g0 rr 26°g | 14 — 5°2 | Tanslope Spire ,, | 9° 12 39°3 5 as 
Karnbonellis . 90 6 50°8 | 21 | It +13°5 
Goonhilly. . HL} go 21 57°5 15 51 — 67 
easiest Boston Tower 
Terrenarn Tower. Telescope above surface 43°6 fect. a | “ 
Easton Tower Top} 90 10 o*r] 10 | 72°8 
o of ou « | Buckminster ., | 99 4 57°3 12 fan 
Peninnis Wind- | Lincoln Minster,, | go 6 g°8] 21 Sch ; 
mill. . Top! 90 31 40°3) I5 | 25-8 Docking Tower,, | 90 8 27°2 6 es 
St. Agnes Light- Swaffham Spire,, | 90 12 8°o 3 1154.°8 
house Top| 90 10 I°9! 12 LynnOldTower,, | 90 13 1178 3 | 88-2 
Beacon Hill, Tres- Walpole, Saint 
ao ca ae gO 14 22°5 | 12 Peter’s . Top} go 13 54°8 6 | 81°o ; 
ar . _ 
Daymark Top} go 3 41°5 | 19 | 4o°o 
ee Head aaeg: & Easton Tower. Telescope above surface 790 feet. 
Karn Galver . Ht] 90 : 3°9| 22 I ‘ ok ;, 
Pertinny . . Hj 89 59 53°71 14 r°5 | Naseby Tower Top | 99 1 14°9 8 ee 
Wolf Rock Top] 90 13 34°4; 15 | Tilton . 89 49 3°7 7 ‘ve 
ea eal Top 89 54 53°8 : : wee 
oston Tower ,, | 90 13 I4°r ‘ 
Beacon Hirt. Telescope above surface 6°3 feet. Walpole, Saint 
oe . Top} 90 17 18 : 6 ee sive 
° “ “u finst #58 ome § I 204° eos 
Cintas, « 22] 98d da| ag | gra | = ats ER | gS) 
Swyre Barrow H go 15 42°7 9 | 23°5 15°6 
Me ea ~| 90 0 52°2} I5 I a am 
Westby. oe s os ji ie - zl F- Se Crowzoroven. Telescope above surface 5°0 feet. 
filk Hill, Top of 
Beacon. . 89 51 31°8 6 » | —17°O [Teith Wil. 90 4 35°5 3 2 Bx 
Milk Hill , e i 89 52 8°5 6 4°5 — 4°8 Wrotham . go 8 O°5 2 —10°3 
Inkpen .. xf 89 53 55°r 18 r°s | —ri'5 Fairlight . go I§ 29°0 I — 8°2 
Butser Hill .. 1H} 90 9 3°0| 19 I°§ | — 5°3 
unnose . . IL] go 15 16°3 | 15 2°7 | — 3°! 
Dean Hill. . .| 90 13 22°51! 11 we | 9 22°3 Tel b f. 
| tks Hill . IL| 90 3 36°3 6 2°0 | —10'4 BERKIAMPSTEAD eect Pics escope above surface 
toke Hill, Top of | 
Beacon . go 235°0] 2 | 25° | +46°0 ee 
i . . ’ “ | | “ 
or ee A 9943 2°3/ 5 | 65 | — 1°3 | Toeith Hill Tower.| 90 7 2670) 6 ) | oom 
Top of Beacon. | go 40 sa*1 | 1 24°2 |+Io01°2 Danie: ve aie oe ks | . 
Sarum Old Castle, 3 4 oo 2° I 3 fe : ae ‘s 
| <AxisofInst , ; TOU ee 3 ieee ee 
Old Lodge, Top of | 7 72 47°? | * | 37" St.Paul’s(). .| 90 7 35°3|- 3 352°8 
Beacon . go.13 23:1] 6 | 27-3]. | Tharfeld - ia is | i 
Four-mile Stone IT go 16 4476 | “6 | 20 | —22°7 , . 
| Four-mile Stone . | go 16 ss°5 3 ve | —33°3 () Top of Cross. 


532 | PRINCIPAL TRIANGULATION. 





Object 
; Mean Zenith No. observed , ; Mean Zenith No. 
Stations observed. Distance. Obs. | above Reduction.| Stations observed. Dietnnee. Obs. 


Surface. 





Naventon Tower. Telescope above surface 64°3 feet. 
Barrow Hint. 














a a 3 surface 21°5 feet. 
/Stoke Tower Top| 90 5 41°4 | I5 (r11’3 : 
Otley Tower . o $8 41°9 2°8 oe of ou u 
Walton Tower , e 12 57°8 g a 5 sing shea taal iT gO 11 42°7| 18 I*5 [— 15°3 
Walton Tower If] 90 12 39°1 | 10 | 92°3 css ieee 1: 1 ) Sa oe 85°4 |-+107°5 
LawshallTowerTop| 89 59 33°9| 19 | 75°2 Pil ee 7 = : ee Be Oh SO aaa = Te 
MickfieldTower,, | 90 8 43°3| 17 | 57°0 - th icea. Pe ones ee me 
| ‘Thaxted Spire ,, | 90 6 58°8| 11 |r74°0 ss Seng: 3 3 3 a ee 
Danbury Spire ,, | go Ir° 3 |IIQ"g ee 
. _¢ Telescope above surface 73°3 feet. | 
Telescope above surface . 86-2 feet. Bracxpown { 93 top of monument 2:0 fect. 
axe Towsn - battlements 16°8 fect. 
a2 pinnacles o°8 feet. | ; o u ’ 
Barrow Hill . H |} go 26 2 21 2°7 |— 46°2 
—— 1 | Ryder’s Hill . IL) 90 12 59°6 6 I°5 |— 46°4 
Deadman. . H} go 12 1s 5 | 20 5°7 High Wilhays IZ} 90 11 30°5 | 16 2°O |— 43°4 
Wensbarrow . HI| 89 57 o-1 | 28 1°3 aa Pillesdon .. 90 3 17°2 9 —I9QI°O 
| High Wilhays .| 89 26 21°3 | 11 | 16°0 Horton’s Gazebo . 90 21 57°0 I —100°2 
i Barrow Hill . H| go g 4:0 | 24 3°0 Nodes Beacon FH! go 21 35°8 | 13 1°3 |— 63°5 
| | Dunnose . . H]| go 22 29°2} 17 4°5 |— 45°! 
eee - »{|90 14 13'o | Io —114°9 
Arpury Hitt. Telescope above surface 23°8 fect. Gere geet eee Be ~*37°9 
o ¢: 4 7) 
Broadway Tower 6) , 2 ‘ +2": 
Braadway Tower ee 4 ee 4 abe ee Pirtespon. Telescope above surface 38°4 feet. 
} Malvern . . ./| 90 9g 28°5 6 —I9'I 
i Bardon Hill . H 0 : o. #1 “ao 
Naseby Tr. Top - 2 ee ] ~*~ Barrow Hill . Hj go 23 48:2 6 2°3 | —25°6 
Hanslope Sp. ,, | 90 13 48°0 I —s1°6 High Wilhays H| go 5 51°3 | 13 |—6*0 | —33°1 
Dunstable . H| go 13 8°7 7 see ast Dunkery . . H| go 3 18°3| 17 ee eee 
Dunstable . .| go 13 16°1 3 vv. | —2grg | Mendip . . H/ 90 10 30°3 |) 15 | 21°6 | —21°0 
Coringdon . H| 90 Ig 10°2{ 18 3°5 | —34°9 
Wingreen. . IT| 90 13 11°3] 16 I°I | —42°8 
Swyre Barrow .j| 9017 :17°6 | 13 | 18°3 | —22°2 
Crirron Beacon. Telescope above surface §5°5 feet. Blackdown . H| go 12 7°6| 20 1°5 | —9g6°o 











Back Tor. . . 89 25 33°7 5 wee 10°6 
Holme Moss . .| 89 36 37°2 5 : — 77 Hoimr Moss. Telescope above surface 5°5 fect. 
Gt. Whernside. HT | 90 1 7:0 I wus, [oe 
York Minster. Top | go 16 58:8 3 |199°3 “ee on ou u 
Acklam Wold  .]| go It 55°0 I ee — 4°8 Axedge © «2 «| 9O 12 30°O 4. aes —I10°I 
Crowle . . IL] go 20 43°0 5 om —rr°1 | Mowcopt » 6 «| 9O 29 I5°0 3 sole — 6°6 
Gringley Beacon. | 90 14 0°7 ” —r15:x | Cyrn-y-Brain  . | go 25 39°0 3 re eee tar | 
Lincoln Minst.Top | 90 12 32°8 5 — 6-7 | Whittle Hill. . | go 21 24°8 7 | we | II 
| Pendle Hill . .j| 9013 2°7 4. Pm ey © 
Gt. Whernside Hj} 90 11 14°8 8 ose [| — §5°O 
Rumbles Moor .{| 90 25 55°0 2 per — 85 
With the 3-ft. Theodolite. Telescope above surface 5°5 ft.| Garforth Cliff IT} go 49 1575 2 oe | ~ 8*0 
Clifton Beacon H| 90 47 39°8 3 ae Cie’ ey 
Back Tor. . .{90 14 2°1 5 —Ig'o 


S.End of Base .| 90 28 sr-0) 1 |... | —17°6 
Gringley Beacon . | 90 13 40°0 I vee | STI 
PAs eae Of BAO: «|| 90-32" 577° ; eve | 15'S (') Top of Pinnacles. 


Object 
observed 
above 
Surface. 


ee above centre stone 23°6 feet. 














Reduction. 








OBSERVED ZENITH DISTANCES. 533 


Object | 








Object 
: Mean Zenith No. jobserved ‘ : Mean Zenith No. lobserved: ‘ 
Stations observed. Distance. Obs. | above Reduction. Stations observed. Distance. Ole. |-ahove Reduction. 
Surface. Surface. 











Lincoin Minster. Telescope above surface 238°5 fect. WiitrLe Hm, Telescope above surface 5°5 fect. 





fd 


ba 
~ 


Buckminster Spire, 7 [ Axedge . . . 90 rs 10°O 2 26 hab 

Top! 90 6 g57°5 4 Delamere. . .| 90 30 23°0 I — 6°] 

Bardon Hill . . | go 11 9°3 8 sere ak . «| go ug A 5 2 — 3°6 

2 . oe ° eale > « «| gO 7°O I — 3°2 

ane ; = 56 : an a. Pendle Hill . .| 89 51 38°o} «1 —15°3 

Shee Beacon : | go II I1°0 : eae : 89 56 57°5 2 on a 
rowle . . H| go 19 10°2 G ee | — 

. t. Whernside .| 89 58 57:2 6 — 6°0 

Boston Tr. Top | go 14 12°7 6 Holme Moss . .| 89 53 10°6 7 —11'9 





ener Le TTS SD aS aR SS ary rs nasthdesrosinGcsennares 


. Tele ab face 7°4 fect. 
Mowcort. ‘Telescope above surface 7°4 fee ( Telescopo above outside base of 











o of ul vw |YORKMINSTER building . 203°8 ft. 

Long MountPole. TW} 90 9 42°4 |] 15 1°5 | — 4°8 | is battlements . 4-5 ft. 
bie glee, «| 90 2 As5 § ae. hoe 

nowaon .,. . . .@) I°o I§° pe | ‘ o f & a“ 
Delamere. .. 6 me a ; ig Le: Clifton - Hi go 8 34°2| 14 970 ‘ 
Whittle Hill . H| 90 6 48-0| 19 178 | — 5:8 Garforth Cliff H| 90 2 22°8| 20 7°0 

Holme Moss . . | 89 55 ay°s 3 .. | = 9°0 Gt. Whernside H| 89 40 8:8 | 12 | A*7 

Holme Moss . H| 89 55 42°6 | 14 | s*o | — arg | Botton Head . 89 44 31°7 | 13 ee 

Bardon Hill . H| 90 20 6:6] 14 | 2ts | — grz | Acklam Wold 89 40 4°5 | 12 | ses 

Axedge . . .| 89 31 38°8 |] 31 wee | —21°2 
een LiLANELIAN. Telescope above surface 5°5 fect. 





PENDLE Hirt. Telescope above surface 5°5 fect. 





Jt 
—II'9 
a 


—_ 7°8 


Arrenig . ; 89 21 48-0 
Garrege . . .| 90 17 35°0 
2 | Gt. Orme’s Head. | go 40 57°0 
ae Cyrn-y-Brain .| 89 52 57°0 
—10°2 
— g°l 
—II°s 
— 7°6 ro) / ft if 
— 4°6| Snowdon. . «| 89 23 2°0 

—15+3 | Lianclian . | 89 56 39°0 
| Great Orme’s Head | 90 12 41°0 
{ey ee WAU ysader ¢ 90 19 36'0 
Arrenig . . .j| 89 31 6'o 
Cyrn-y-Brain .| 89 30 I4°0 
Delamere . . .j| 90 I4 57°0 


i 
— 2°3 


= 


Snowdon. . . go 20 29°5 
Black Comb . .]| 90 15 29°5 
Sea Fell . . «| 90 2 56°8 
Ingleborough. .| 89 50 25°7 
Gt. Whernside .| 89 54 54°4 
Rumbles Moor. | 90 23 46°g 
Holme Moss . .{ 90 7 36°7 
Axedge . . O15 59°7 
Whittle Hill .  . | go 18 30°2 


— = = i 





GarnreG. Telescope above surface 5°5 fect. 


Oo NTNT 0010 0010 -& 


SNowpon. Telescope above surface 5°5 fect. 


ln ln 
- 
Oo 
Oo 





~ 


Precelly . . .| 90 44 40° 
Tara 90 53 28 
Kippure - | 9° 41 4o 
Howth . . 90 53 56 
Slieve Donard .| 90 43 50° 
South Berule . 99 45 5 
Sea Fell .. go 38 27 
Black Comb , , go 44 16° 
Ingleborough., , 90 45 23° 
Whittle Hill , 90 46 58 
Axedge . . , 99 45 41 
Cyrn-y-Brain  —. | go Az 328 
Long Mount Pole | 90 42 25° 
Plynlimmon . .| go 29 50 
|Cader Idris . .| go 2 11° 
Arrenig . . «| 90 35 12 





MOorLrre Issa. Telescope above surface 5°6 feet. 





Gwaunysgacr. . o 28 36°0 
Great Orme’s Head} 90 24 6:0 
Llanelian. . 89 58 o°0 
Cyrn-y-Brain .| 89 43 39°0 


sw HH Ke 
| 

so 

i> 

~ 





East Enp or Base. ‘Telescope above surface 5°5 fect. 





West IEnd of Base 89 59 §1°0 I | 22°4 oy ol 
Moelfre Issa . .| 87 50 34°0 me 
Gwaunysgaer. .{ 88 13 I5°0 I woe | —54°T 


i 


toon | 
“STOPRh OONAH WW NLQOwW HH FW 


OWI Pinriililiin O00 0 0R 
i ee 
YP OnWMM NNN NN NNN NDND DN. 
Pr ORTH HRA] OUWwW oO 
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Stations observed. 





West Enp or BASE. 


Moelfre Issa . 
Orme’s Llead . 
East End of Base 
Gwaunysgaer . 





GWAUNYSGAER, 


Garreg . . 
Moelfre Issa... 
West End of Base 


Mean Zenith 
Distance, 


86 43 3°70 
89 27 37°0 
go oO Oo 
89 8 7°'0 


PRINCIPAL TRIANGULATION. 


Object 


No. observed ; 
Obs. | above | Reduction. 


Surface, 


Telescope above surface 5.5 fect. 


—64" 
—18°7 


—27° ° 


Telescope above surface 5°5 fect. 


89 45 47°0 
89 39 56°0 
9° 59 I2°0 


I 


DouBLIN OBSERVATORY. 

















—49'0 
ae a 
—27°O 


Howth 89 49 58" I —19°2 
Kippure 88 28 18°0 —14°9 
Lyons Hill 89 43 21°0 I —20°4 
Howrn. 
| Lyons Till go 4 28"4 8 —10" 7 
| Kippure 88 54 42°4 ” —12°4 
Slieve Donard 89 54 41°0 I — 3°8 
Dublin Obsy (') .} 90 17 58°3 3 —I9°2 
Dublin Obsy (7) . | 90 18 28-0 I - 
KUprune. 
Towth gI rx8 ito | rr ie —12"4 
Lyons Hill QI 47 46°7 7 ise, | 18 °7 
South Berule . gO 40 45°75 2 woe | — 2°2 
Slieve Donard 90 23 33°6 5 we | om 3°0 
Croghan . gO 42 20°7 3 <i 5°3 
Dublin Obsy () QI 42 24°0 I we | —14°9 
} Snowdon . gO 27 22°0 T we | — 2°3 
Ballyereen go 17 30°7 3 Sis eee 
Keeper gO 33 TI°O I ii 
Tara . . 90 44 33°3 3 eee 
Lyons [rz 
Kippure . .| 88 20 51°0 2 . 
Dublin Obsy (Cy. go 23 48°0 2 
Howth go ro 165 | 2 


W ORDESLOW. 


Gt. Whernside H 


Telescope above surface 5°8 fect. 


89 58 s2'1 





15 | 4°2 | — 12 
Merrington Tower, 
Top | 90 1 53° ae —16° 
Water Crag . HI 30 49 aie : rr] — 6 
Brandon . . H| 89 51 50°3| 6 | mol batt 
| Collier Law. . | 89 38 5°5 | Yo | ww | — 9'g 
Cheviot - H| 89 53 27°8 | 22 | 2° “5 — 2°4 
Easington go 9 49°8 3 — 74 
Easington . Hj} go 9 37°1 | I0 | 3" Se 
Burleigh Moor H| go 10 38°3 8 | — 7°! 
Botton Head. ./| 89 55 28°8 7 ! - | — 67 
Botton Head . H| 89 55 47°1 6 I'O | — 5°5 
Tasinaton. ‘Telescope above surface 5°7 fect. 

Botton Head . 89 30 170 9 ‘ —15"0 
Water Crag . .| 90 0 o'5 2 - | m= 4°3 
Collicr Law . H]| go 3 56:0 6 r°8 | — 3°2 
Wordeslow .. H|g0 12 I5°o0} 17 2°5 | — 4°1 
Cheviot - H]| go 13 40°0 | Io Z70 | — 1°3 

GanrortH Crirr, Telescope above surface 5°5 feet. 
Holme Moss. , 89 32 Oo 2 | I5'o +13" 8 
Great Whernside | 89 38 54°0 3 seg cb ee BG 

York Minster go 10 g*o | 16 |199°3 ‘ 
Acklam Wold FEI| go 2 42‘o 3 we | om FI 
Crowle - H] go 16 8°90 2 — 85 


GRINGLEY BEAcon. Telescope above surface 5°4 feet 


South End of Base 
South End of Base 


$$ $$$ —§ | North End of Base 


(‘) Top of Dome. 


(*) Base of Dome. 


North End of Base 


9° 45 42°5 
go 46 27-2 
90 21 47°5 
go 22 594 


bePp 


17°3 
1345 
33°5 


z20°O 


ii 











Object 
Stations observed. ee ee ee Reduction. 
Surface. 
CrocHan. 
Kippure 89 47 23° 5 2 : 
Lyons Hill 9° 13 49°2 5 
Mount Leinster . | 89 57 43°0 I 
BENCORR. 
re) é tl a“ 
Nephin . . go 9 27°4 5 : 
Sliove More, Achill 90 16 0°6 5 
Keeper gO 30 24°0 2 
Baurtregaum . 90 29 43°5 2 
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ee ee Object 4 Object 

de ean Zenit 0. observed . : | Mean Zenith o. observed 

Stations observed. Distance: Obs. | above |Reduction.{ Stations observed. Distance. Obs, | above | Reduction. 
Surface, Surface. 









MoeEtrnre Issa. Telescope ab fi ; : 
— eee Soutn Bervutre. Telescope above surface 5°5 feet. 


























Gwaunysgaer P 90 27 47°3 I 24" ei: Rin 9S eee eee) - u 
Llanclian. . . 89 57 35°6 a mee Kippure . H| 90 28 47:1 | 16 | 2°5}) — 1°2 
Llanelian . 89 56 I's 4 | 14°0| +49°9 | Howth H | go 36 43°6 7 I°'O | — 2°2 
Crone Oundle ead QO 22 ss°7 9 ae | 1609 Slieve Donard Hl] 90 3 13°4 | 21 o°3 | — 4°0 
Ditto. . .{ 9° 3 oi ” 3 wo | om 4°2 
. Divis . H |} go : : 
Norru Enp or Basr. Telescope above surface 5°5 feet. Tan 3 fe a3 5° - 2 a = Ate 
: Trostan . Hi go 29 25'0 | 12 | Ito] + 2°5 
Gringley Beacon . | 89 43 13° O 1 |... | —25°6 | Merrick . TL} go 14 18*4} 16 2°O | — 2°0 
South End of Base | go I 370 3 .. | —43°1 | Ditto ~ «| 90 14 QO°5 3 cS or 
Clifton Beacon . {| 89 44 12°5 2 | —15°5 | Criffel. . H! go 22 43° g| 18 Sap ee ONE 
Sca Fell << ott go. 6. - 4°3|-.17.] o°8 | — 3°0 
| | : Ingleboroug I| 90 27 3 9] 10 2°} ae TO 
——————————_——_——— Black Comb . Hj 90 15 31°4 | 24 we | — 3°9 
uw, | Snowdon . H | go 12 24°7} 20 I'5 | — 2°0 
| Clifton Beacon . 89 40 58° 5 I —17°6 
Gringley Beacon . | 89 16 27°0 I wo. | —56°8 , 3 
North End of Base | 90 2 10°7| 3 | I4'0 , +66°6 Warercrac. Telescope above surface 6:8. feet. 
Telescope above surface 16 feet. Cigse Fell’ es 89 49 aire ; es ee 
; o 4 ul « |Collier Law . .]| 90 22 I2°0 2 . | II’! 
Gringley Beacon . 89 16 o'9 4 | 11°3 |— 48°7 | Brandon Down H| go 40 21°5 3 2°0 | — 6°7 
Gringley Beacon . | 89 16 55:0 4 5°3 |—110°7 | Wordeslow . H]| go 39 54°0 I 2°0 | — 4°7 
Merrington Tower, . 
Great WuERNSIDE. Telescope above surface 5°5 feet. ue Top | 90.46 1°0 I ie ae 
Easington. . I} 90 37 56°3 2 2°0 | — 3°6 
Pendle Hill 9 ae 540 A - 5:1 Botton Head . «| 90 26 8:0 I — 6°4 
Ingleborough . "190 3 367 6 —13°3 Great Whernside. | go 3 21°0 Ps past 
Sea Fell . . «| 90 8 55°0 2 — 4'! , 
Cross Fell . «190 5 53°0 I — 5°! : , | , 
Water Crag . || go 11 2r‘0 , eke SuievE Donanp. Telescope above surface 5°5 fect. 
Botton Head . .| 90 27 21°0 ! I —~ 5°3 ue ee . 


Sawel. . . .{ 90 30 0° 
Divis . . . «| 90 38 12° 


fe) 
Yi . Telescope above surface 5°¢5 feet. e 
INGLEBOROUGH elescop rface 5°5 fee Vicar’s Carn . | 90 56 18°7 
O 

fe) 

‘e) 





« |Cuileagh . . «| 90 34 2° 
—10°2 | Trostan . . «| 90 32 35° 
—13°3 | Howth . . .{ 90 46 21° 
— 5°© | South Berule. Hj 90 34 4°4 
— 5°6 | South Berule. .| 90 34 4°8 

Kippure . . .| 90 29 I5°0 


Pendle Hill . .| 90 25 Ig'o 
Great Whernside. | 90 9 17°5 
Black Comb . .'| gO 22 24°0 
Sea Fell . . «| 90 I 33°0 


io | 
mMinWw em Nw bh hb 


ms me Nts 


Sca Fett. Telescope above surface 5°5 feet. 








o™= 


BOM COP Ow N~T Me HO 


Black Comb . ./] 91 I 33° Drvis. 


5 
Ditto. . .| gr 1 32°8 
| South Berule. .| 90 39 50°8 
Merrick ~ «© « | 9O 29 2°90 
Criffel . . .| 90 36 34°0 
Hart Fell, . . go 30 I°3 
8 
o 
Oo 
ve 
° 
° 


= 


WER ANWWiWww Pp 





72 ° ‘ ai 

vee Slieve Donard . {| 89 44 12°5 4. 
Sawel. . . «| 90 5 I'o 4 
Knocklayd . . | 90 I2 13°0 3 


Wisp ‘ ‘ P 4 go . 
Cheviot . . .| go a oe 


Cross Fell . . 90 17 56: 
Water Crag . .| 90 31 35° 
Great Whernside. | 90 30 48° 
jIngleborough. .{ go 28 AI 
Whittle Hill . H| 90 4o 4y7°5 


Vican’s Carn. 


Slieve Donard 89 25 27°3 4. 
Divis . . . .| 89 56 21°0 4. 
Sawel. . . «| 89 st ars fe) 2 


PEs ETE Ebebtreit i 


Neh VU edo FOO bs 





PRINCIPAL TRIANGULATION. 


Object 
























































Stat onelopactvel: Mean Zenith No. observed] p 4 r ; Mean Zenit! is Ae ase 
Distance. Obs. above eduction.}] Stations observed. Distance. ; Obs. 2 sriteg Reduction. 
Surface. 
See Pertinny. Telescope above surface 6°1 feet. 
a ele TE EI AEA A A 
| - 4 Wolf Rock 540 «47° “e 
N. En a = Lou ch “ Telegraph Tower, 99 40 7°! 8 cot § 8 
foyle Base. .| QI 10 29°! To fo) . . . 
ee go 15 33°0 j St. Martin’s Day Sa 8 4r°5 +43 5 
Knocklayd go 23 42° 5 Mark . To O22 =2° : ; 
Trostan go a oe 2 Beacon Hill, Tres- : of 8), EO gone nae 
cow. . . «| 90 23 49°3 3 ee ee 9S 
Karnbonellis : 90 4 3°31} 10 | 12°2 ee 
Karnminnis 89 57. 3°9. | 18 | Irvo| +24°5 
CUILCAGH. Goonhilly . .| 90 19 8°5 6 we | —II'2 
Goonhilly. . Hj} 90 19 15°6| 24 I°5 | — 8-5 
Riese or ae | Hensbarrow . Hy] 80 10 43°4 | 20 I's} — 4°3 

acue . i 
Sawel. . . zs is oe : Karn Galver . 89 47 34°9 5 wee | —55°4 
ats Donard .| 90 23 6°5 2 

lieve Snaght . : 
i Nephin. : _ a “ ae 3 GoonnitLy. Telescope above surface 5°8 fect. 
Vicar’s Carn . .| 90 27 54°0 I ov 4 
Croghan . . .| 90 38 16°0 I Wolf Rock go 18 33°2 6 . 
Kippure . . .| 90 32 36°0 I Ditto Surface 
of Water. 90 18 53°5 3 irre ey 
ees ea es tice 
SLIEVE "LEAGUE. Karnbonellis . . | 89 32 19°9 4 II's me 
an aeal . HH} 89 55 23°0 7 I2/— 5 
rae © 9° 8 34°3| 3 ola = : os ae a ae 
lieve Snaght .| go 21 31° oe. ; oe ee 
Croghan. .. so 2 9°53 : ee nooo ? Bee ao 
Slieve More (in 
Achill . «| 9022 5° 
Culleach a - = = 2 : Brown Witty. Telescope above surface 7 feet. 
i Knockalongy .  .| 90 15 35°0 I 
Deadman. . H 90 33 58°6 12 rs | — 8+ 
Hensbarrow . 90 19 9°3] 21 —15° 
Karnbonellis . I| go 23 51°8 9 2-0 | — 
NEPHIN. St. Agnes Bea. bles 
oe es = go 26 55°8 | 11 sie, | oe BAe 
Croghan . .. 1 28 16" arnminnis . +1) 90 25 32°O |} 15 I*5 | — 4° 
Knockalongy a se a Hs ee : ae tne II] 90 45 19°0 | 14 I's ae 
cians . « IL} 90 27 42-0} 2 Tek Wilhays 86 geese ae ad ee ee 
ieve Leae ; ‘ ; 255° I 9° 17° 
Slieve Mare (in i a ° rey ee ee 
Achill)... | 90 20 32° -LOUSE op | 99 27 34°2) 13 . | — 6:8 
Tawnaghmore .| go 53 er : Paracombe . Hy} 90 15 45°0 2 I's | — 4°1 
Bracny Heap. Telescope above surface 5°5 fect. 
Sr. Acnes Beacon. ‘Telescope above surface §°§ feet. } 
Dunnose . . H| 90 21 25° - 

: o of 4 , Ditchling . j 80 57 ae na ea at 
Karnbonellis . 89 47 15°0 I —25'0 | Frittenfield . IZ| 90 13 0 : . é: — 
Deadman. . ./90 14 I5'O} 1 —11'1 | Leith Hill ‘Lower ea at 
Karnminnis 89 57 45°0 I —13°4 | G6 
Trevose Head. .| 90 19 30°0| 1 116 | Leith Hill. . ~| go § 26-3 i asad ua 
Hensbarrow . 8g 51 52°0 I —11'7 | Fairlight . g0 5 86] 27 ce ane 
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Mean Zenitl N eas | a Zenith N eae 
; ean Zenith 0. lobserved! . ean Zenith Oo. |observe ° 
Stations observed. Distance: Obs. hive | Reduetion. Stations observed. Distance. Obs, | above | eduction. 


Surface. ; Surface, 


t 





UTSER Hitt—continiued. 
BonrracE Down. ‘Telescope above surface 5°5 feet. Burs 









































Oo i fi 
; of 4 « {Beacon Hill . H| 90 16 59°8] 10 2°O | —I1°9 
a a ae ie rit aay Leith Hill Tr. Top a 8 33-6 12 | 45°38 | +43°2 
Wroxall Down .| 91 58 mee 5 . Crowborough. H| go 19 10°7 | 10 3°5 ve 
| Nodes Beacon ./ go 17 54°2 5 sie 5 
Shanklin Down .| 90 42 16°0 3 ai Corinapon. ‘Telescope above surface 6°2 fect. 
|Dunnose . . go 9 38° 3 6 ve ove oO 4 wi | “a 
| BonifaceDown, SE. 92.55 31°5 4 Suis Swyre arrow (‘) | 89 58 46°8 14 ? —49°0O 
Black Down . HI! go § 40°6 7 BOR it ce 
Pillesdon . . HT; go ro r1*2] «15 3°70 | — 3°2 
Week Down. ‘Telescope above surface 5°5 fect. Beacon Hill . HH) go 14 23°2 9 _ — 6'0 
‘ Wingreen - « Higo 2 29°51] 13 I°7 | — 7°o 
Nodes Beacon .| 90 14 4370 3 ee ae Horton’s Tee sihaak: 
Shanklin Down .| 89 52 10°7| 6 —224"9 | Dean Hill u potest: is = 256 
Boniface Down .| 89 24 1°8] 4 eet te oe 7 een aE al eae 
Littletown Down | go 16 55°5 6 —149°3 Nodec 2 ae qT ae ee ee Sees 
Penmaes Powis i 89 34. 33°0 5 —131°8 Da So en Seb oe eee aed : Be renee 
IDunnoso . 89 36 38-3 4 —100°3 | Dunnose . . TH ab IO 34°5 | I 2°5|— 4°! 
| 
~ Ditcntinc. ‘Telescope above surface 20°7 feet. 
Tlie Port Crirr. Telescope above surface 5°5 fect. : 
» _|Dunnoso . . H| go 19 18°6 |.17 | 2's | —14°5 
BonifaceDown, S.E. 76 39 46° re) Io coe §=[77- 433° 8 | Butser . . go 13 I5°4 | Il | Ars | —16°4 
Littletown Down . 78 54 27°0 | II ve» |—-427°6 | Leith Hill Tower | 90 2 47°3° 17 45°83 | +44°2 
Wrotham . . I!| go 21°'t | 6 ' 24°0 | + 3°9 
Crowborough (') . | go 36°7' g Boi — 67 
Lirttetown Down. ‘Telescope above surface 5°5 fect. | Fairlight . . Hj go 16 ree 3; 13 | 2°94) —22°4 | 
Er a es ig ee tee ee ee Gg ae 90 16 49°3 A Bas | —25°4 
ae oe “, | Beach Head, O : 
Week Down . .| 8 25°5 6 we [—149°3 y 
Boniface Down 84 He 17°9 7 3°8 |—262°6 of Pile... 90 16 59°90 | I0 , I0°0 | —21°6 
| BonifaceDown,S.E.} 85 23 34°0 ’| —935°7 fume . | 
High Port Cliff . |r0r 9 0°7 7 3°8 j—136°1 Dunnosr. ‘Telescope above surface 6°6 feet. 
Qo / “ ‘i 
Week Down... . | gO 27 I1°S 2 ee hapeees | 
| Beacon Hitz, Trescow. Telescope above surface 51 fect. | Swyre Barrow TI! go 16 87 8 a°8 - 3°8 
Coringdon . H. go 15 1°74} 12 25> 4°6 
o 4 u 1 | Black Down . H go 21 36°6 | 11 are = 3° 
1 St. Agnes. Light- Nodes Beacon . | 90 17 56°0 2 ie 16°7 
houso Top 89 57 34°2 | 4 wee [= 42° | Eorton’s Gazebo, 
Karnminnis . .| 90 2 38°3 4 | Irvol+ 5°9 op| 90 21 Gro; 2 -_ = 6*9 
Karnminnis . II] 90 2 53°2 | 25 2°5 |= 2°6 | Wingreen . Hj go 15 54°8: 13 rr | — 4°6 
Pertinny . . .{ 89 59 15°0 2 9°8 + 5°71 Dean Will . Hj} 9018 og; 15 2°8 | — 4°2 
Pertinny . HI} 89 59 35°1 18 275 ee 3°1 | Beacon Hill . IL! go 18 39°3 | 5 I°S | — 4°4 
Telegraph Tr. ‘Top 89 44 34°7 | 17 | 41°5 (+512°9 | Ditchling. . IL} 90 17 52°9| 10 soe | = 5°O 
= | Southampton . H| 90 27 8'4 | 17 | woe | IT'S 
| j Inkpen . . H, 9017 2°4; 18 | 453) > 1°8 
r Butser. . II' go I2°r | 19 | 2°9; — 5° 
Burser Hint. Telescope above surface 12°8 fect. Beachy Hea du | 8 Pe 3°4 | a | ss ae 
| 
Dunnose . . I > fo Aes <6!) acgoe 
Dunnose . = a as oe i a = = Dounxnosr. 18-in. Theodolite. 
| Nodes Beacon . | go 19 18°8 3 .. | 153 en - 
| Coringdon =. IT) 90 21 28-7 | 12 3°8 | — 7°0 | Boniface Down .! 89 52 29°5 3 = 247-0 
| Ditchling. . Hj 90 15 25-8 | 24 | 3+3 | — 9°6 | Week Down . | go 26 38°3 | 4 | ~- {—120°0 
Ditchling. . «| 90 15 24:0 I ... | —12°'g | Shanklin Down . | 91 37 40°0 2 vee 
Wingreen. . H! 90 17 46°83) 18 4°3 | — 6°7 | Wroxall Down .| 90 28 8:0 2 —216°3 
Inkpen .- . Hj g0 10 434] 13 4.°3 | —I0°o | 
Dean Hill. . Hj | 90 19 19°8 5 2°65 a a ene 





~TZS | (*) Top of Cross. 


ca 
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Object 
. Mean Zenith No. jobserved : ff Mean Zenith No. jobserved . 
Stations observed. Distance: Obs, | above |Reduction.] Stations observed, Distnec: Obs, | above {Xeduction. 
| Surface, Surface, 








Swyre Barrow. Telescope above surface 6°3 fect. 
Famuicut. ‘Telescope above surface 7'1 feet, iy 3 











° i 4“ 4 

oe | » | Black Down . Hj) go 4 9:8 13 | 3°7| — 4°9 
Beachy Head. .; 90 8 15°3: 8  10°o} + 6*1 | Wingreen. . H| 90 4 o-g'! 12 110 | — 7°8 
Beachy Head. .; 90 8 30°3; § | «. | —14'g | Dunnose . . FH) go 12 52-0 6 g°2 | — 378 
Ditchling. . H 90 7 3°1, 1t2 eo 8-1 | Dunnose . . IH} go 12 toro 9 2°*I | — 4°l 
Paddlesworth. I go 9 3t'1) 13 | 1°3 — 8:2 | High Wilhays HH) go 18 25*7 | 10 |—6:0 | — 5¢4 
Crowborough. HI go 2 32°6! 7 | 2°23; — 7°8 Pillesdon . . IT} 90 7 gst 5 | 35°5 | +32°4 
Crowborough. . 90 2 46°5 3 | .. | —11°7 | Horton’s Gazebo, | 
Vrittenfiedd . H 90 7 54°7' 17 4A°5 ) — Ari op! go 18 20°5 | 4 oe | 13°! 
Frittenfield . .° 90 7 2°8 3 , 39°8 +521 | Beacon Hill . Hf) 90 15 35-9) 10 | 173 | — arg 
Wrotham. . Hj 90 8 58°7; 14 2°s | — 5°3 | Dean Hill , WW, 9016 6:8) 12 370 | — 3°6 

| | | | Coringdon, . .!90 5 I°9g! I 6-6} + 2°97 
EEE ene te see ee 








Kannsunnis. Telescope above surface 6°Q fect. Krysor Cuonco Spire. 











o 7] “a OF ee id 

Pertinny . . ./|90 8 38'6; 1 ‘§ 14°5 | Dunstable . Hj 89 58 53°3 4 ove 
St. Mavtin’s Day : ? 3 7 nae Dunstable ., .| 89 58 47°0 I ge vee 

Mark . ‘Top! 90 24 12°8 6 | 40'o | +35°7 | Dunstable "i? 89 59 20°0 | I | 40°5 | +58°5 
Trevose Head | 90 23 4°6/ 10 | r1°0| + 4°8 | Hanslope Sp. Top | 89 59 57°5 5 nn 
Brown Willy. .. go 10 21°o 2 |13°5 | + 5:2 |Naseby Ch. Tr. H{ go 0 34°8 | 6 a“ 
St. Agnes Beacon | go 14 3°4| 10 | r1'0| +ro°o | tilton. . . H| go 4 3470) 11 pie 
Iiensbarrow . H, go 8 28°9 Io I°5 | — 6°2 Tilton . - © «| 9O 4 33°90 I 8°5 | +10°! 
Hensbarrow . ./| 90 8 1°9 5 Ir°7 | + 5° Sane cs = go 6 7:'0 I oe “ae 
Karnbonellis , .:90 4 2°3 13 | Ir°o one ly Minster Top “a e aie 2 a 
Karn Galver . . 89 57 56°5 6 | ove 4. Tiarficld . . | 90 2 49°1 6 - 








Nopes Beacon. ‘Telescope above surface 5°6 fect. 





ce 
LAWSHALL Cr. Tr. eee above surface 79°1 feet. 





















: | ) ‘3 5 tower 3°9 fect. 
Swyre Barrow H 90 3 56°5 ' 10 I°3i— 6:9 , bares ol 4 “ 
Swyre Barow 90 557-5) [a | ww 88 | MnntedGpiretep) 9¢ J afte | x mo) 
anes go F519 | 1a 3°8 | — 3'4 |} Brandon. . H 90 14 41°3 | 12 | 36°0 ie 
ack Down . H| 90 10 49°3; 6 | I'2) — 3°9 Swaffham Spire. I Il : Goa’ 
Dean Hill . Hj 90 8 37°r! 8 | .w tf — 85 . ee ee 3 432°3 “ 
os = 6 ; ., | Hingham Tr.. H| go 13 56°4 | 10 I°3 ss 
al i _ a 2 te | . Le 7 ee S. Lopham Tr. IZ} go 13 o°2 8 | 70°3 : 
Soe ae va 9'3 | , 43 | .q | Mickfield Tr. Top} 90 12 7ro}] 2 | 57°0]  ,, 
Southampton ; ee ee 3 | aes aaa 3 | Naughton Tr. 99 9 3°I} 12 | 45°0 
Week Down . .]| 89 55 38°0 | 2 oe —15°3 | gtoke Tower (1) 3: ea eae : ne sa 
Butserr . . H! go 4 Yr'3] 21 3°4.| — 2°6 Pie 37 3 
Dunnose -| 89 53 31°8 | 17 . | —I4e! 
Lynn Tower, J Pclescope above surface g4°1 feet. 
3 » tower 5°9 feet. 
SHANKLIN Down. Telescope above surface 5° 5 fect. aa 
TL renee | Lely Minster. Top| go 5 22°5 | 11 |204°6 . 
Week Down . . 90 12 13°0 2 ve —114"9 Se Ps 89 52 22°5 7 |154°8 
Boniites Down 180 20 feck | 2 | ct [T3383 7 Poor's). 90 413-3] 5 | gts 
OE eo Me os 29 ek ae 4. —197°4 | Boston Tower.Top | go 4 18+5 8 a 
—_—_——$_ | Docking Ch. Tr. ,, | 89 53 53°58 9 by . 


Bontrace Down, 8.E. ‘Telescope above surface 5°5 ft. 





ACKLAM Wotp. Telescope above surface 5°5 feet. 
o é 
Littletown Down. | 94 57 1°2 














a | | “ 
Bs | © ee in vost “ 
: a Crowle . . Il go 25 28'0 wey ee 
Week Down . .| 902 6: 2. : 9° 25 3 se 7° 
Wroxall Down . a : ee Eg asy F ae Tee ae HEH go 20 33°70] 2 | wwe | = 478 
Nodes Beacon .| 90 16 5777 6 ng te ae Top | 90 29 52°0 6 199°3 |+558°3 
Boniface Down . | 87 16 25°5 6 3°8 otton Head . ., 89 53 o'o ae | — 78 
High Port Cliff .|103 24 10°2 6 3°8 | 
| (') Top of Battlement. 


cnn ne et mo 2S oe 
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Mean Zenith | N Que ec Re 

we ean Zenit 0. job d : . ean Zenith | No. jobserve atk 

Stations observed. e Distance: Obs. Raieed Reduction. Stations observed. Distance. Obs. ahowe Reduction 
| Surface. Surface. 











Crirret, Telescope above surface 5°5 feet. 
AxEDGE. Telescope above surface 5°5 fect. 











° é él fi 

pr] Goat Fell | go 19 49°0 | 3 =. 

Mowcopt . . .|90 39 20°5 6 ee ee a ss | 8957 sie = 

| Mowcopt. Cross} go 38 11°9 3 | 33°01 +78°7 tle aaa a 2 ae 2 i- f. 

Pendle Hill . «| 90 16 23:0 3 oe ae | Cross Fell 2. go 3 10°09 7 . — 4°4 

Whittle ill . .} 90 17 20°5 | 9 — 66) eel 89 50 18'0 | 9 — 57 

ae Moss i te FD + | 770'" | Blackeomb | 90 16 34:0 4. — 4°4 

as Tor ., a, 90 7 51°0 ide) siete —13°3 South Berule . go 27 58:0 : ~— 37 

incoln Minster Top, 90 36 3:0 I ae Men Merrick Sg 56 57°0 a ak BG 

Bardon Hill . . | gO 29 28°0 6 ae A Sl urnewark | 90 41 4°5 2 ee ~12°3 
Snowdon . . «| 90 19 35°0 1 | 21°o | + 6°8 | 

Cyrn-y-Brain . go 19 12°0 6 coe [ o™ 4et 
Cross Fert. Telescope above surface §°5 fect. 


~ 


Brackcoms. Telescope above surface §°5 feet: Sea Fell . wt | 90 7 AE = | 









































0 8 —_ 64 
7 Criffel. . . «| 90 31 55°0 2 — 4°4 
| of iw “| Merrick . . ./| 90 30 56°0 I a) 
Snowdon. . . | gO 20 12°O 3 1— 2°S ) tort Fell. | go 24 8-0 3 | 1 3°5 
Criffl. . . .' 9018 570] 5 / 744] Wisp... 219030 1570] 3 p48 | 
Sea Fell . 2). 89 8 48‘o 7 —I4°9 Dunrich | go 27 36°90 t °| = 3°2 
Ingleborough. .| 90 6 52°0| 11 — 3°° | Cheviot go 23 Sol 4 | — 3°9 
Water Crag » «© 1 9O 9 49°0 3 | ne Collier Law .{ 90 46 38:0; 2 | | —I0°2 
Pendle Hill » «| 9O 20 22°0 I ' — 4°3 | Botton Head... 90°37 “2°0 ‘6 + is, } 3°6 
Whittle Hill . H go 26 30°O 3 i 3°6 Water Crag | Oo 29 19°0 | 4 | Sa, | a 9°00 
South Berule. . | go 24 32°5 } Io —~ 3°21 Great Whernside ; 90 25 10‘0 | 66 : woo pom 5tE 
Merrick . . .| 90 20 II‘o I ioe oe 8 Ingleborough. . 90 23 46°0 2 | we | = 5°8 
| Burnswark . .! 90 46 1°8 I | ve om 5S 
Branpox Down. Telescope above surface 34° 3 feet. : 
| Crowe. ‘Telescope above surface 5°5 feet. 
° f a“ a | 
Great Whernside. | 89 55 ‘5°0 I Clifton Beacon i. 89 53 53°0 61. —11'! 
Water Crag . «| 89 39 50°0 | 2 Garforth CH 2 te 6 | we | om 8h 
Collier Law . . | 89 22 6'0 3 Great Whernside | 89 57 16°7 I a3" 5 | 
Wordeslovw . .| 90 18 57°0 2 Acklam Wold . | 89 56 33°0 6 ee — 71 
DurhamObsyDome| 91 34 47°° 3 LincolnMinsterTop' 90 1 28:0 fh oye. see 5 
Easington, . .! 90 17 I'0 3 | | | 
Burleigh Moor. H| 90 18 50°0 i 
Botton Head . .| 90 1 23°0 3 | Cyrn-y-Brain. Telescope above surface 9°3 feet. 
MerringtonChurch ! oon ou ! 
Tower . meal gO 23 52°90 I Snowdon . . .j 89 43 4°90! 16 | 15°5 | + 6°5 
Na a ee DGINMICLO.. 45 x OO-42.-45°0 9 9°90 | ~ o'4 | 
Axedgo . . .| 90 18 33°0 y we | — 6°9 
Cottier Law. ‘Telescope above surface 7°1 fect. Mowcopt . . H| 90 26 42°00} 13 5°5 | — 3°6 
Long Mount . .| 90 15 47°90 | 16 | 20°O |} +11°5 
: ! cou 1_{Arrenig . . «| 89 44 11°0 | 17 | 20°0 | +16°6 | 
Water Crag | 89 55 14°0 4. oo | —11°8 | Llanclian. . «| 9027 7:0 | Ir | 20°o | +15°2 
Cross Fell . .{ 89 29 30°0 6 —13°3 | Moclfre Issa . «| 90 31 35°3 | 18 | 20°O | 419°! 
Cheviot .' go 4 38-°0 3 — 5°7 | 
Cheviot . . IL, go 4 20°0 2 BN Se, BR A 
Wordeslow . JIT: go 38 37°0 3 I'4 |] — 9°9 DELAMERE. ‘Telescope above surface 5°5 fect. 
DurhamObsy Dome}; 91 1 28+o 3 oe, Pe I7*9 a. ge “ 
Brandon Down . ; go 47 23°0 3. | wee | —23°3 | Cyrn-y-Brain. .| 89 34 9g‘0o 8 aa 
Easington . x i, gO 31 20°0 5 I°3| — 4°8 | Arrenig . . .| 89 48 36°0 I ores eee 
MerringtonChureh ' Whittle Hill. .| 89 55 Go} 4 | -- | — 
Tower. lop: 90 44 57-0} 1 | ... | —16°8 | Holme Moss . .| 89 52 29°0/ 3 | + | 7 5°4 
Bottom: Mend wAP 9819: 1g"o ac a5 t= G0. Moweopt «, =. «4 [89 Sr 671), 98 | yen | EOP? 


ca ae 
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Names of Stations. 





Acklam . . « - 
Arbury Hill... 
Arrenig . . « . 
Axedge 
Back Tor ‘ e 
Baconsthorpe Tower 
Balsham Tower 
Balta . | 

} Ballyercen 
Banstead , 
Barrow Till . 
Bardon Hill 

| Baurtregaum . 
Beacon Fill 
Beacon Hill, Trescow 
Beachy Head . 
Ben Cheilt 
Ben Clibrig 
Bencorr : 
Ben Heynish . 
Ben Cleugh 
Ben Lomond : 
Ben Hutig 
Ben Lawers 
Ben Macdni 
Ben More, South Uist 
Ben More, Mull . 
-Ben Novis 
Ben Tartevil . 
Ben Wyvis 


Berkhampstead Gazebo . 


Black Comb . 
Blackdown 
Blackheddon . 

Blue Hill . 

Boniface Down ; 
Boniface, South East. 
Boston Tower... 
Botton Head. . . 
Brandon Down 
Branden Hill. . 
Brandon (Suffolk) 
Brassa . 

1 Brimmond 
Broadway Tower 
Brown Willy . 
Buckminster Spire 
Bunwell Tower 
Burleigh Moor 
Burnswark 
Butser Jill 
Cader Idris 
Caherbarnagh 
Calton Will 


Cambridge Obser vator ‘y 


Carrig¢fadda 
Chev jot 
Chingford . 
Cleisham . 
Clifton Beacon 


- 





. e 
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532 
539 
523 
525 
514 
527 
532 

28 
53 
537 
536 
515 
516 
534 
520 
519 
520 
515 
519 
518 
518 
300 
519 
522 
516 
a3 
539 
532 


521 


518 
537 
538 
531 


539 
524 
514 
518 
526 
53° 


524 
520 
537 
516 
521 
526 


516 
532 


Names of Stations. 





Collier Law 
Coringdon 
Corryhabbie . 
Cowhythe 

Cradle . 

Criffel . 

Croghan . 
Cyrn-y-Brain . 
Crocghiubhais 

Cross Fell . 
Crowborough. . 
Crowle 

Cuileagh ‘ 
Cundthm . , 
Danbury Spire. 
Dean Hill. : 
Deerness . . 2 - 
Ditchling . . . 


Divis . . ‘ 
Docking Tower 
Doolieve 


Delamere , 
Dendman. . . 
Drung Point. . . 
Dublin eae 
Dudwiek . . 
Dunkery Beacon , 
Dunnet Head. , 
Dunnose 

Dunrich 

Dunstable . a % 
Durham Observatory 
Ktasington . ‘ 
ast Lomond ‘ 
Easton Tower  . 
Ely Minster . . 
Epping Cupola 
Fairlight Down 

Fair Isle 

Fashven . . . 
Feaghmaan . . 
Fetlar . 

Fitty Hill . 

Toula . Z 
Four-mile Stone : 
Forth . . , 
Trittenfield 

Gad’s Hill 
Galtymore 
Garreg. : 
Garforth Clift. ‘ 
Gerth of Scaw 
Goatfell : 
Goonhilly. . . 
Gorleston Tower : 
Great Ormes Head 
Great Stirling 

Great Whernside . 


Greenwich Observatory . 


Gwaunysgaer 
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537 
518 
516 
526 
539 
534 
539 
515 
539 
53! 
539 
536 


Names of Stations. 


Gringley Beacon . 
Glashmeal , . . 
Hampton Poor House 
Hanger Hill Tower 
Hanslope Spire... 
Happishurgh Tower . 
Wart Fell -  . ; 
Flensbarrow . . . . 
High Port Cliff . .. 
High Wilhays : 
Hingham Tower . 
Holme Moss 

Tforton’s Gazebo . 
Tlowth . . 

Hungry Will . 
Ingleborough . 

Inkpen aa a 
JUMUM:, ves “ee a HOS 
Karnbonellis . 

Karn Galver . 
Karnminnis 

Keeper. ‘ 
Keysoe Church Spire ; 
King’s Arbour 

Kellic Law 

Kippure 

IXnock . : 
Knockalongy . 
Knocklayd 
Knockmealdown . 
Knocknadober 
Knocknagante 
Knocknaskeagh 
Knockanaffrin 


Lawshall Tower . ; 
Laxfield Tower . . . 
Layton . . 

Leith Hl Tower 
Lincoln Minster . 
Littletown Down . 

Little Stirling 

Long Mount . 

Llanclian a 8 

L. Foyle Base, North End 
L. Foyle Base, South End 
Lumsden , ; 
Lundy Island . 

Lynn Tower . 

Lyons Hill 


Maker Tower . 

Malvern . . 

Mamsuil 

Mendip 

Merrick 

Merrington Tower 
Mickficld Tower .. 
Milk Will... 

M. C. Base, North End . 
M. C. Base, South End . 
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519 | 
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523 
520 
53° 
537 
53° 
524 
532 


23% 
535 


528 
520 


530 
538 


538 
520 
534 
517 
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Names of Stations. 





Moelfre Issa 


Monach 

Mordington eg. 4 
Mormonth. . . .. , 
Mowcopt .. 

Mount Battock 

Mount Leinster 

Mount Sandy 

Nive Lill . 

Naseby Tower 
Naughton Tower 
Nephin 

Norwich Spire 

Nodes Beacon , 
North Ronaldshay Lighthouse 
Norwood ; 

| Old Lodge 

Ordnance Map Office 
Orford Castle . 

Otley Tower . 

Over Hill . 
Paddlesworth . 
Paracombe 

Pendle Hill . . 
Peterhead Old Windmill. 
Peninnis Windmill 
Pertinny 

Pillesdon . 

Precelly 

Plynlimmon 

Reform Monument 
Rona e. « 


INDEX TO THE ZENITH DISTANCES. 
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Ru Rea . . 
Rhuddlan Base, East End 
Rhuddlan Base, West End 
Ryder’s Hill ‘ 
Sarum Castle . 

Sarum Gun 

Sawel . 

Saxavord . 

Sayrs Law. 

St. Agnes Beacon 

St. Agnes Lighthouse 
St. Ann’s . : 
St. Martin’s Tead 

St. Paul’s Cathedral . 
St. Peter’s ’ 
Sea Fell 

Scarabin . 
Scournalapich 
Severndroog 

Shanklin Down 
Slieve Donard 

Slieve League. 
Slieve Mote i in Achill 
Slieve Snaght . 
Snowdon 

South Berule . . 
South Lopham Tower 
South Ronaldshay 
Southwold ‘Tower 
Stoke Tower . 

Stoke Hill 

Stronsay 


Storr . . : 
Swaffham Spire : 
Swyre Barrow 
Start Lighthouse . 
Taur . . 
Tarbathy . 
Tawnaghmore 
Thaxted Spire 
Telegraph ower . 
Tharfield . 
Tilton . 

Tofts Tower 

Tara 

Trostan 

Trevose Head . 
Upcot Down 


Vicar’s Carn... : 
Walpole, St. Peter's Tower . 
Walton Tower... ; 
Wart Hill Hoy . 
Watercrag 


Week Down 

Westbury Down . 
Whitehorse Hill 

Wingreen . ae ws 
Wittle Hill . . . oo. 
Wolf Rock a. he: Om. 
Wordeslow 

Wrotham . 

Wroxall Down 

Wisp 

Yell ie, oe a! BS 
Yorkminster ~ . . . . 





| Coefficient of Refraction, 


Tue coefficient of refraction may be determined either by direct observation, as when the heights 
of the observing point and the point observed are known with exactness, or it may be deduced 
from pairs of reciprocal observations, In the former case, the coefficient required ‘is simply the 
ratio of the excess of the observed above the true zenith distance to the angle subtended by the 
tio stations at the centre of the earth. The following table contains the values of coefficients of 
refraction observed in this manner, the weights in the last column but one being proportional to 
the square root of the distance and to the number of observations :— 




















, 010762 | 25 | I*gos5o 


Dunkery . . | 1706'4 | go 26 56: 4 | s+eo4gz2 | 3870°9 | 90 31 5t*O | 294° ofo777 | 31 | 2°4087 


I 
4 Preeelly . . | 1757°9 | 90 27 44°41 5 

8 

2 


Level Observed hm} True Zenith | | Coeff. of 
No. Stations, Weie led | Zenith Pisance No, Logarithmic) Distance | Z—z. |Refraction’ w, | kw 
| | eight. | | Obs. Distance. : 7. | | hn 
° ‘ “ | | | 
Ben Lomond . | 3192°2 | 89 58 35°8 a | | go. 1 area | 165°4 | o-o719 | 24. | 1°7256 
"| Ben Nevis. . 4406°3 | 90 33 25°3 lg | 9 30908: /)12300"7 90 37. 2°0 | 216°7 | o' 0942 | 92 | 8°6664 
Merrick . . | 2764°8 | go 22 48'1 | 29! .. w- | 90 27 48°7 | 300°6 | 0°0793 180 14.°2740 
* | Ben Lomond . | 3192°2 Si ., | 558593 | 3790°7 tas Sag : ae aa oe 
Arbury Hill . | 735°3 | 90 12 46°5 | 10) |, ., | 9O 15 23°r | 156°6 0°0792 45 | 3°5640 
3] Dunstable . . | 800-2 90 14 59'9; 8 5° 39314 | 1977"3 90 17 36°5 | 156°6 0°0792 | 36 | 2°8512 
| 
| 
High Wilhays . | 2039°6 | 90 I9 45°8 | IO] ., .g2 | 9O 22 84] 142° | 0°0725 | 4 “262 
>| Dunkery . . | 1700°4 | 90 8 16° 9 geeks. | 7960ne gO 10 41° | 144°8 | 0°0736 He 29440 
g | High Wilhays . | 2039°6 | go 36 14°3 | 14 569221 | 4843°0 - a 308°4 | o'0761 | 98 | 7°4578 


Lich Wilhays . | 2039'6 | 90 31 32° 


139°0 | 0°06 6 6 
7\ VWensbarrow . 1027'0 | 89 59 20° 39 49 1 59 | 3°9344 


153°9 | O°0718 | 79 | 5°6722 


Hensbarrow . | 1027°0 | 90 19 50°7 | 9| ., ., | 9O 22 30°3 | 1§9°6 | 0'0744 | 42 | 3°1248 
: Pertinny . .]| 735°5 | 90 10 39°I | 20 5°33879 | 2146-4 "I | 160°0 | 0°0745 | 93 | 6°9285 


Hensbarrow . | 1027'0 | 90 16 58'o | 15 | |, .~ | 99 19 9°7 |} 131°7 | O° 0741 | 64 | 4°7424. 
9] Karnminnis . 799°8 | 90 8 17°6] 15 5°25712 | 1778°5 °3| 133°7 | o'0752 | 64 | 4°8128 


3 7 

Preeelly . «| 1757°9 | 90 31 3674] 6 "7 | 410%3 | 0°0847 | 42 | 3°5574 
8 8 
I 6) 


§°33808 | 2142'9 90 33 51° 


so | Dunnsan S| gg PB tn Syed | te | 526408 | toBo | $0 op FEET AES | Sree | | $08 
J | Dieting 2] Bege2 | $0.25 42-3 | ap | sr4360s | a6ssee P59 25 S65 | S889 | Sockas | § | $28 
| Aral "HSS $85 BS) 8 | sesw | sere |S LS sd Oop do | Elo 
"S| Kemmis |) 7998 | 90.25 Ses xo SHO") I73'7 | $0 oF a7-8 1883 Scohg ak | 3 ase 
| Gam.) 1 | Hebe & 2 He sraysto | ntyars | $5 25 $8 | ED ccekeg | aa | Sader 
| Bahoine [sere goa aes! $l soyer ates ETS RES Some B23 


6 Black Down . 790°O | 90 Io 47° 
High Wilhays . | 2039°6 ; 90 36 12° 


toe | 


3 
9 

.g | 99 15 974 

| 3334°8 | 05 45 30-0 





| 
| - 5° 53016 


re) 


| 
| | 
| | 
| 262°3 | 0°0787 | 93 | 7°3191 
| | 0°0773 | 35 | 2°7055 
} 





Mean value of k = 0-0792. 
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COEFFICIENT OF REFRACTION. - 543 


The largest value of the coefficient of refraction is at Swyre Barrow, in the observed zenith 
distance of High Wilhays, which slightly exceeds one-tenth. The next in magnitude is at Ben 
Nevis. The mean reading of the barometer at this station was 25-2333; and it is worthy of 
notice, that for about a fortnight during the stay of the observers on the hill (when the greater 
part of the observations were made) the state of the atmosphere was unusually calm ; so much so, 
that a lighted candle could often be carried from the tents of the men to the observatory, whilst 
at the foot of the hill the weather was wild and stormy. 

The coefficient resulting from the observations at Dunnose to Ditchling is considerably greater 
than the mean, as is also the coefficient at Malvern. The range of the whole is from = to ;4 and 
the mean 3 

When the coefficient of refraction, /, is derived from reciprocal observations of zenith distauce, 
we have (see page 511)— 7 
z’ + 2— 180° 

v 
where z and 2’ are the observed zenith distances, and » the angle subtended by the two stations 
at the centre of the earth. The weights assumed for the separate determinations are directly as 
the square root of the distance and inversely as the sum of the reciprocals of the numbers of 
observations at the two obsetving stations. 


1-—-2k= 


The following table contains the calculation of 112 values of k:— 


Cocff. of 
































| — 
No, Stations. Distance. Obs Dues v. _ wee 1— 2k. a as kw 
Monach . . . . go 3 244 | Bach 7 . 8 cape 
‘| Bon Clibrig . |. | 90 47 26°7 | ro | 5°59599 | 361973 | 3o5r°r | 0°8430 | 070785 | 27 | 2°1195 
Corryhabbie . 90 22 37°9 | 31 | w¢ 3 : sak 
* | Ben Clibrig . 90 33 4°56 | 6 | 5°00487 | 3959°2 | 3342°5 | 078442 | 070779 | 32 | 2°492 
abbie, . . 8 6°6 a 
3 a be tf iG - 40°2 ; 5°51742 | 3237°r | 2746°8 | 0°8485 | 070758 | 21 | 15918 
| 
; a 7 
+) Cleisham 35 3h 50:3 | *3 | 560864 | 3993°8| 3359°0 | o°84x0 | or0795 | 16] 12720 
S alapich .. 6:8 ; 
5 | Bon More’SouthUist | go t7 2*1 | 2 | 9°64709 | 4363°6 | 3678-9 | o°843r | oo78s | 78] 6-123 
Ben Nevis . . . | 9049 57°7 | 13 ; : : : , : 
: Ben More, South Uist | 90 16 “ee 15 | > 68727 | 4786°6 | 3992°8 | 0°8342 | o°0829 | 49) 4-0621 
Ben Nevi 8° 
Ria 30g 49°6 { 28 | 5°58509 | 3783°3 | 3167-7 | 078373 | o°o8r4 | 42 | 53-4188 
g | Sayre Law . 90 3643'S | 7/1 ,. ee ee af 
Kellie Law , 89 43 23°9 | 2 5°17099 1458°1 1207°4 | 0°8281 | 60860 | 22 1°8g20 
Lumsden, , 6: | 
9 | Kellic Law . 6 o 18-6 me 5°23296 | 1681°6 } 415'0 | O'8415 | 0°0793 | 39} 3°9927 
Lumsden . a 
TO | Mount Battock : a s if : es 5°59737 3891°6 3245°4 0°8340 0°0830 | 28 2°3240 
Ben Clibrig . 6 34.°6 : 
*T | Storr. : ° 4 4 ae te 5°63913 | 42840 | 3600°0| 08403 | 0°0799 | 39} 3°22161 
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| 

Coeff. of 

Refraction 
h. 


No. 
Obs. 


Observed Zenith 


Log. 
Distance. 


No. Stations. Distance, 


1— 2, 























z+ 2! 
v. 7 180°. 





Ben More, South Uist 90 TE 35*0 | 
Storr . » « | 9O 20 33°2 


4} ea | 


12 5°37556 | 233571 | 19282 | 08257, o'0872 | 73] 6°3656 





Ben More, South Uist | 90 O° . 
*3 Tuk a " : Ss 53 a oe 8 | 5° 74794 | 5594°5 | 4573°2 | 0°8308 | 0°0846 | 37 | 3°1302 
2 

Ben More, South Visi 81 ; ; 

14 Mamsuil - a a 6s 5°63386 | 4232°7 | 3542°5 | 0°8369 | 00816 | 62 | 5°0592 
R R ri * ° . 7 8 > | : 

15 ae Se eS 5 i sae 29 5°16171 1427°1 I1go°2 | 0°8340 | 0°0830 | 44 | 3°6520 | 


Ru Rea . . . . | 89 46 59° 
iO Gleiady «oo 90 it ye = 5°31971 | 2053°3 | 1723°3 | 0°8393 | ovo8o4 | 12 | 079648 


RuRea . . . 8-0 | II 
17| Nonach . 1. | go re 39¢2 | 8 | 9°33727 | 2137'S | 1787°2 | 0°8361 | 070820 | 22 


= 
oo 
oO 

pe 
oO 


Storr. . . . . {90 
18 Cleisham a fe 3 ee = 5°31659 | 2038°6 | 1706°0 | 0°8368 | 0°0816 | 38 | 3°1008 


Sto e . ° . . Oo 8 8:0 * . ° 
1g Monach ae a o 31°6 : 5°49310 | 3060°8 | 2559°6 | 0°8362 | o°081g | 36 | 2°9484 


M th . . . {90 14 I'o . ; : 
20] Sonrabin. 2. as as 35°9 | 3 | 5.57741 | 371676 | 30969 | 078332 | 070834 | 16 | 173344 
3 
I 


Merrick . . . «| 9O 14 49° 


2 | Goat Fell . . . | 90 17 43° 6 | 5°36705 | 2290°0 | 195274 | 0°8526 | 0°0737 | 20 


| oe | 
py 
“J 
fe 
O 


South Berule . . | go 
22) Gio Donird: <2 a - cae 1g | 5°42890 | 2640°8 | 2228°8 | 08440 | 070780 | 50] 3°gQ000 
Dunnose. . . . | 90 Iq 57° 


23! Coringdon . | . | 90 10 30°4 | 16 5°26403 | 1807°0 | 1527°5 ] 0°8453 | O'0774 | 29 | 2°2446 


24! Ryder’s Hill. | . | 90 35 54°3 | 6 | 5°37384 | 2326°9 | 1988'2 | 08545 | o-0728 | 23) 176744 


Hensbarrow. . . | 99 25 19° 


*3| Barrow Hill. . . go II 27° 


I 
4 
Deadman. . . . | 89 57 13°9 | 22 
3 
7 | 18 | s:4zgse | 2645°2 | 2207-0 | 0°8344 | o°0828 | 93 | 2-732 


B: Til, . . | 90 
26 Pillesdon ds te e ay "6 5°46416 | 2864°7 | 2291°8 | 08000} o-1000 | 22 | 2°2000 


Lundy Island . . | go 20 18° 


*7 | Trevose Head . . | 90 13 45°9 | 33 5°38141 | 236777 | 2044°3 | 0°8634 | 070683 | 4o | 2°7320 


5°27016 | 1832°6 | 1537°9 | 0°8392 | o*o8o4 | 18 


bh? 
aN 
aS 
“J 
te 


Paracombe . . . | 99 32 59° 


Lundy Island . . | 90 13 30° 


4 

9 
Lundy Island . . | 89 52 38°4 | Ir 
28 5 
. 5 

9 | Hensbarrow. . . | go 26 57:2 


14 | 5°45941 | 2833°6 | 2427°7 | 0°8568 | 00716 | 33 | 2°3628 


and. : 
30 is nea a 6 fe 8 es 5°45528 | 2806°6 | 2357°8 | o°8401 | 0*0800 | 22] 1°7600 


Paracombe . . «| 90 21 53°7 | 10/ |, . 
3+ | Precelly . «. « «| 90 26 1570 | 4 5°54372 | 3440°5 | 2888°7 


_ 
ws 

'@>) 
Ww 
aN 


0°8396 | o°0802 | 17 


Black Down. . . | 90 25 38°00 | 21 
32 | Barrow Hill. . . | 90 18 g°2 | x2 — 3099°9 





er 0°8475 | 0°0763 | 43 3*2809 
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Coeff. of | 
Observed Zenith | No. Log. Sethe oe 
Stations. Distance. Obs. Distenecs v. | — 180°. 1—2h. aa a [a kw. 























.?] ‘ i‘ 
lack D . “ee : | 
Dunnose . .. | goat tte | £2 | 549740 | 30926 | 259770 | 0°8398 | ovo8or | 37 | 2°9637 


Black Down. . . ; 6 | 
Ryder’s Hill . —_ ae - ae 12 | 9.99337 | 3135°4 2662°2 { o°8491 | 0°0755 | 23] 1°7365 


Beachy Head . . 
Peachy Mead + | 99 21 22°3| 10 | 5.55085 | 3400 | 2842-0 | 0°8509 | ovo746 | 33 | 24506 
Ben Lawers . . . | 90 41 25°7 
Jura. . . . «| 9018 08 


Oo 


ae 5°63569 | 4250°8 | 3566°5 8390 | o'0805 | 66 | 5°3130 | 


Sayrs Law . . .| 9021 I°O} 3]... . ; 
Mount Battock . . | 90 34 go's | 14 | ? Gos22 | 3962°8 | 3351°5 | 0°8457 | 070772 16 1°2352 


soni Tock |. | og od taen | 8 | 3740865 | 2520°r | 2133-9 | 0°8467 | or0767 | ag | 2-223 | 


a -_ 3 . a 2 5°40925 | 2523°7 | 2119°1 | 0°8397 | o'0802 | 22 | 1°7644 


Guir . . go 17 ae "g | 5°59102 | 3835°3 | 32910 | o°8581 | oro7r0 | 28 | 1-9880 


B Li ° e ‘ . ; 
Sige lay oe es vs et 3 5°60836 | 3991°5 | 3199°8 | o°8016 | oragg2 | 32 | 3°1744 
Ben Macdui. . . . 

Ben Clibrig 2 i 5 s 46 4. | 5°55297 | 4423°0 3770°8 | 0°8525 | 0°0738 | 19 | 1*4022 


cca - s & 30 . oa hs 5°35288 | 2216°4 | 1857°8 | 0°8382 00809 62 | 5°0158 


Dangare’, 11 $5 42 85:5 [15 | srs968e | e4ssrs | s120:s | ort6us | ovosrs | a1 | arzous 


Butece Hill |. 1 | go 25 2f-2 | ro | 3742430 | 2613°4 | 2199°6 | 0°84x6 | ovo7ge | 34 | 2°6928 


Pies 1 | 98 37 42:7] 12 | s-4gqr9 | 27046 | 2328-4 | 0°8609 | 00696 | 43 | 29948 
Dunkery. . . .| 9027 7°4 
Mendip .° . . .« {90 5 49°9 


Lundy Island . . | 89 53 9°4] 19] _, : 
High Wilhays . . | 90 39 41°0 | 15 5°36717 | 2291°3 | 1970°4 | 0°8599 | O*o701 | 4o | 2°8040 


tz | 5737996 | 2359°8| 1977°3 | 078379 | ovo8r1 | 29 | 2°3519 


Corryhabbie. . . | 89 26 5°9 | 2 BO As ere 
Ben Modu Ls 90 53 meee ar | 513736 | 1349°3 | 1156-4 | 0°8570 | O°O7T5 | 4x | 2°9315 


Corryhabbie. . . . 
Mamouil tae 33 ter ay | 5758120 | 3749°3 | 3143°7 | 078385 | oro808 | 71 | 5°7368 


Corryhabbie. . 8° 2 ; , 
Scournalapich | - _ a 5*s6598 | 3620°2 | 3046'2 | 0°8415 | 0°0793 | 78 | 6° 1854 
Corryhabbie. . , . ; : , 
Mormonth . | | | 8 42 “2-2 | 44 | 5°39386 | 2435°6 | 2075-8 | 0°8523 | ovo739 | 79 | 5°835 
Corryhabbie. . . | go 12 11° 


9 
9 
Ben Nevis . ... ear *9 5°61443 | 4047°5 | 342r°1r | 0°8452 | 0°0774 | 52 470288 | 


324 
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Observed Zenith| No. ‘Log. z+ Coeff. of 
No. Stations. Distance. Obs.} Distance, v. ~ 180°, 1— 2h, Refraction wW. kw. 
9 f “ 
54. et ae _ ae .; ae = 5°32108 | 2059°9 1744.°3 0'8468 | 0:'0766 | 89 | 6°8174 
Scournalapich . . | 90 14 48°38] 29] ., 81 ‘so16: . | 

55 | Bon Macdui. . . | go 26 s5°g | 28 | 5°47208 | 2910°3 | 250477 | 078589 | 070706 | 78 | 5°5068 
|. | Scournalapich . . | 8 : 

56 Saar ae ie a i ie 4°54149 342°2 320°3 | 0°9361 | 0°0320] 16 | o'5120 

Ben Nevis . . . 6° 6 : 
oP aa ees. on ce a $5°2 27 | 5726093 | 1793°S | 1541°5 | 0°8595 | 0°0703 | 57 | 4roo7t 
| 5g Ben Nevis . . «| 90 44 34°38 | 14] 011,49 et ‘Gey ree Eee eee ae ; 
Ben Cleugh . . . {90 2 111 | 27 | 9 974° | 3292°9 03°9 749 | 53.4 379220, 
| B N i o e rT °6 : : 
59] Bon Macdui. . | | go 18 28-1 | 99 | 5°45432 | 2799°S | 2388-7 | 078533 | 070734] 97 | 7*1198 
| Ben Macdui. . . *8 | 42 3 
p00 pein 2: a a ae - 5°34547 | 2178-9 | 1884°7 | 078650] o-o675 | 87 | 5*8725° 
lg, | BenLawers. . . | 90 44 27°4| 16) og a ok 
Merrick . . . | 90 27 264 | 16 | 978495 | 5975°O | 4313 OP OEO |: OOO 75S | 37. hate ae 
; Ben Lawers . . . | 90 41 42°2 | 12) ., ; : . 
62} trite. | | | go a0 4eg | tg | 365822 | 4405°S | 3726-5 | 0°8459 | ovoz7s | 45} 35-4695 
63 Cie ei 3 89 “ ie: ee 4°99047 | 962°2 8186 | 08508 | 0°0746 | 20] 1°4Q20 
Lumsden. . . . | 89 28 32° 
| 64 7 2% a Pe oe a 5°19654} 1546'4 | 12969 | 0°8386}] 0°0807 | 30] 2°42I0 
Ge | Lumsden. . . «| 90 10 30°7} 8] ., ; 9 
5 | Blackheddon. . . {90 § 29°2 ] 18 | 9 99947 | TIT74 | 95979 | O° 859F | 070705 | 19 | 13395 
| Cheviot . . . .{ 49! 2°6 | 21 | 
| 66 Blackheddon. 23 i: 48-3 | 18 4.°86730 724.°6 §90°g | o°8155 | 0°0923 | 26] 2°3998 
|<, | Cheviot . . . . 
1 °7 Sayre Law . o 3 So 53 12-3 tt | 5°23766 | 1700" | 1435°8 | 0°8446 | 0°0777 | 26 | 2°0202 
| Cheviot . . . . o 18 4g'0 | 1 ; ; 
168 | Dunrich | 2. go 10 ge-7 | 4 | 3733872 | 2x45°S | 1785-7 | 0°8323 | 0°0839 | 15] t-2585 
| Ben Hutig . . . 48 6:6} 8 
69 Ben Clibrie a a se ake 33 5°06847 | 115173 987°6 | 0°8578 | ovovit | 22 | 1°5642 
Ben Hutig . . . +8 : ‘ : 
| 70|Tashven | | ll gate torn} g | 4787000] 729'0 | Grz-7 | 078405 | o-0798] 7 | 0°5586 
} Ben Hutig . . . {9020 4: : ; 

71 | Cnoe-ghiubhais . . | 89 52 se : 4°95785 892°4 759°1 | 0°8506 | 0°0747| 8 | 0°5976 
| Ben Clibrig . . . | 9048 6:7] 1 : : 
{72 | Washven. . . «| 89 32 ae : 5°18161 | 1493°9 | 1265°g | 0°8474.| 0°0763 | 19 | 1°4497 
| Ben Clibrig . . «| 90 35 3° a oe 

73|Searabin. .s 89 47 oe 3° {5719896 | 1554°9 | 1343°9 | 0°8643 | 00679 | 35 | 273765 


| Cnoe-ehiubhais . . | 88 21 32° 6 
74 aslven ek Or AI Gea 5 | 475345 176°3 T5Q°I | o'9026 | 00487) 4] 0,,948 
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ae Observed bai No. | Log. | 4 + 2 : Refraction 

No. Stations. Distance. | Obs.| Distance. v. — 180° | 1-24, h 

75 earch @ : = ay | 3720427 ssyaee r344°8 | 0°8543 | o-o729 | Gz | 475198 
6) seeene necock: er Fe ro | srsqog2 | 341774 | 2881-6 | 0°8432 | ov0784 | 35 | 2°7440 
77 eta : cs 3 ite rf s*4o510 | 2499°7 | 2099°6 cre o-o8or | 14 | I*r214 
eee ie a. S| sss20r | 3505*7 | 2960°7 | 078445 | 0°0778 | 20] 1°5560 
79 ee : a6 - 2 5°46828 | 289372 | 2369°5 ~0°8196 | otogoz | 27 | 2°4354 
Ae can 90 43 2073 | 22 | 3752034 | 385°0 | 2703°6 | o°8489 | 070756 | 57) 4-092 
82 eee ze i eRe Z seanddt | 2932°0 | 250771 | O°8551 | 0°0725 | 24 vyaee 
83 racer Me 30 in ne a 5° 27887 1869°1 | 1614°3 0°8637 | 070682 | 77 | 5°2514 
| 84. Ee a oh Be se s*sogs2 | 3179°0 | 2739°0 | 0°8616 | o*obg2 | 58 4.°0136 
Pa eee icaey im - re 42-8 | tg | 544233]. 2723°2 | 2309°7 08482 00759 | 46} 3°4914 
86 Gea se 38 a 2 5°23842 | 1702°8 1455°8 | 0°8549 | 0°0726 38 2°7588 
87 a - at As 5°38595 | 2392°0 | 2003°7 0'8377 | o°081z | 52 | 4°2224 
88 oa a : He i: 5°41838 | 257774 | 21281 | 0°8257 0'0872 | 36 | 3°1392 
| 89 Set ie 80 re a Be 5723217 | 1678°6 | 1438°7 | 0°8571 | O°0715 | 24 1°7160 
| 90 athe aa a ane 19 5°23134. | 1675°3 | 1441°6 | 0°8605 0'0698 | 66 | 4°6068 
| ox ees i 18 35°3 . 5°31368 | 2025°8 | 1723°3 | 0°8507| 070747 | 37 | 2°7639 
9? ieee 90 15 ae % pra goee 1961*s | r700'o | 08667 | 070667 | 44 moe 
ia Buteer Hill 90 7 Hae 1g | 5°41479 | 2556°8 | 2181-4 | 078532 | 0°0734 | 4? 3°0828 
94 Buteoe Hil | i 33°5 13 s-24621 | 1734°3 | 1468-8 | 078469 | 070766 | 27 | 2°0082 
gs | Bendy end --]90 18 22:2 | 15 | sessseo | stag] sfop:s | ovtaas | ovozse | ar). +35 
a —~ 


PRINCIPAL ‘TRIANGULATION. 





























Observed Zenith} No. | _ Log. | i | Sara 

No. Stations. Distance. Obs. | Distance. v. ~ 180°, 1— 2k, . w. kw. 
a 
9° Takpen — 30 iH sf 14 5°41263 as44 2162-6 o8s501 | 070749 | 34. | 2°5466 
97 | Paislight 90 16 19°8 | TA | sragooo | x74grs | 1513°2 | 0°B649 | 00676 | 30 | 2-0380 
gp | Beacon Hil. «| 90 7-48°6 1 35'| say6sn | 1859°6| 594-4] 08574 | orores | 29] 20677 
99 High Wilhays A ee 3 | seqanst | 27t7'9 | 2329°7 | 0°8572 | 070774 | 39 2°7846 
100 eae a i Gee 7 | 5°33595 | 2132°4 | 1828-0 | 0°8573 | O°07T4 | 41 | 29274 
101 Teen a6 a eee SP s'21570 | 1616°6 {| 1387°0 | 0°8580 o°0710 | 27 I‘gI70 
102 Eick Wilhays ° = - ne s 5°26086 | 1793°8 | 529°! 078525 070738 25} 1°8450 
103 A ea o ae a 2 gaters 1833°6 | 1476°9 | 0°8055 0°0973 16 {| 1°5568 
pag.) White Harge HAM | 90 20 aig | at | 349084 | seu6rx | a5fz-9) 08496 | ovoysa | 34 | 275568 
cos| Batson» + | 92.9 428] 18 | sexgy7s | ussr-z | sgoare | o-B395 | ovofos | 22 | 1-7669 
106 me ° a ae = 5°30783 | 1998°7 | 1695°0 | 0°8481 0°0760 | 34 | 2°5840 
107 st eg ie ° as: Be 5°20088 | 1562°4 | 1339°3 | 0°8572 | 0°0714 | 27 1'9278 
Cl pecan neaiee go At sre | an | 5°43993 | 2798°O | 2286ve | OrB4s8 | oro77t | $5) 4°2405 
og] Fatight. «= [50 8 5870) 12 gags | 6se:5 | 982 | orate | ororty 29 | 230 
IIo Ditehitoe ea 7 5°24632 | 1734°7 | 1412°5 | 0°8143 | 0*0929 16 | 1°4864 
fit oy anwar, ge coegieg: | ag (totes | gee al, BPO | 28050) PORTS Ob eegeD 
112 Noes ne i 286 7 5°40466 2497°8 a 0°8526 | 0°0737 | 28 2°0636 





In the first 35 of these cases it will be seen, on reference to the map, that the ray passes for a 
considerable portion of its length over the sea, and in the next 13 cases the ray passes also over 
the sea, but for a smaller proportion of its length; in the remaining cases the ray is inland. IT'rom — 
the first 35 we have & = 0-0801; from the next 13 we have k =0-0778; and from the remainder 
we have k = 00-0744. | 

In the preceding table of 31 coefficients obtained from levelled heights (page 542), if 
we separate those rays which cross the sea from those which do not, we get for the former 
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k =-0817, and for the latter k =.0772; or if we omit the case of Ben Nevis, in which the 
atmosphere* was apparently in an abnormal state, / =-0756 for rays not crossing the sea. These 





* Tt is much to be regretted that the observations of the barometer and thermometer on the tops of the hills in Scotland 
were not made with systematic regularity. The following results of the observations at some of the highest points may 
be interesting, but it is necessary to premise that the index error of the instrument in cach case is not exactly known. 
Tt is an almost unavoidable result of travelling that small bubbles of air are introduced into the vacuum, and thus all 
readings will require a positive correction, which at some of the stations may amount to nearly a tenth of an inch. 


! 


























Period. Maximum Pressure. | Minimum Pressure. 
é ines Corres,||__ _[Corres.|; Mean | Mean | No. 
Natne. Height. | Temp. Temp.|| Pressure.} Temp. | Obs. 
From To Date. Amount. Date. Amount. | 
ist to 6th rsth & 16th ° 
Ben Nevis . . .| 4406 | Aug. 1] Nov. 14 August. 25°62 | 58 ee 24°37 | 35 || 25°233 | 45 {116 
June 21st to 24th 
Ben Macdui. . . 4296 June 6; Aug. 16 to duly 2 26°10 | 58 Tne 25°15 | 38 2se713 | ay | or 
1st to 22nd 
Goat Fell . . . | 2875 | Aug. 13 | Dee. 2 |f ? Ane: 27°37 | 56 Oct. 5 26°07 | 37 |! 26754] 42 |roo. 


Scournalapich . «| 3773 | July rg | Oct, 2g || 12th to rath) O66, 





September. 54 |} Oct. 6 25°15 | 38 || 26°052 ] 48 [223 
i i 
Corryhabbie. . . | 2569 | Sept. 30] Nov. 21 "rath to 13th 27°43 | 40 Oct. 28 26°60 | 35 27°004 | 38 |109 
| 
Hart Fell . . . {| 2638 | Sept. 30 | March 4 | said 27°68 | 30 oe 26°54 1 43 27°096 | 29 | 98 
Cheviot . . . «| 2669 | June 16 | Sept. 13 _ 1th to 13th 27°65 | 55 | Tale 26°61 | 47 27°21r | sr a 
| Mount Battock . . | 2555 | May 10 July 3 | ay 27°81 | 59 June 14 26°72 | 45 27°231 | §s0 |168 | 


Ist to 2nd 23rd to 24th 26°67 | 36 


Jura. . . . + | 2566 | Sept. 30 Nov. 12]  Gctoher, 27°53 | 48 October: 


27°288 | 41 | 89 





N.B.—The maxima and minima here given are not single readings, but the mean of the readings during the period of maximum or 
minimum pressure. 

From the usual formule connecting the heights of stations with the readings of the barometer, and assuming that the 
thermometer falls 1° for every 275 feet of altitude, we may derive this formula— 
: her 
b(t + ae) 

—! hk 
log hk (1 Tr =) 
which gives the height, b', of the barometer at the altitude, (= 62137 &), above the level of the sea, when the height of 
the barometer at the level of the sea is 4, and the temperature 50° + +. 


Ifwe assume 29°850 as the mean height of the barometer in the latitude of Scotland at the Jevel of the sea and 
temperature of 50° Fahrenheit, the corresponding height due to different altitudes will be as follows :-— 


, — 




















Altitude Height of Altitude Height of 
in Feet. Barometer. in Feet. Barometer. 
in, in. 
2000 27°702 + *0072T 3500 26°173 + *OI00T 
2500 27°185 + *oo82 7 4000 25°680 + s-o108 
3000 26°675 + *oogI T 4500 25°193 + *orl6T 


At Storr in the Isle of Skye (2341 feet high) the mean’ height of the barometer was 27°464 inches. The most severe 
weather ever encountered by any of the observing parties was at this station, which was only completed after the most 
extraordinary perseverance. Shortly after the commencement of the observing, a storm of wind carried away the wooden 
houses of the men, and left the observatory roofless. ‘Three observatory roofs were subsequently demolished at different 
periods, and for some time the observatory was used without a roof, being filled with snow every night and emptied every 
morning. Tho instrument was protected under shelter of the cooking-house. 
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determinations agree satisfactorily with those from the second table. ‘The individual determina- 
tions in the first table would seem to be entitled to the most confidence, being directly observed, 
but the number of determinations in the second table is considerably greater; we may make these 
respective advantages counterbalance, and assume the mean as true; namely, 


Coefficient of Refraction { 


= 90-0809 for rays crossing the sea. 
= 0-0750 for rays not crossing the sea, 

With one or two exceptions, all the coefficients in the preceding tables are derived from 
observed zenith distances of very distant objects ; and the results are, upon the whole, tolerably 
consistent. The same consistency, however, is not found to exist among coeflicients of refraction 
deduced from the observations of objects at short distances: the values are very irregular, and, 
indeed, ‘cannot be represented with precision by any mean quantity. A great deal depends upon 
the nature of the ground over which the ray passes: as a general rule, when the distances are 
small the ray passes near the ground, which would tend to increase the coefficient of refraction, as 
is evident from Struve’s formula (page 512); and this agrees with observation, for the mean 
value at short distances is certainly not under o- 1000, one-tenth of the arc-distance, with an 
uncertainty of at least half that quantity. Fortunately, however, the shorter the distance the less 
will the resulting altitudes be affected by error in the assumed refraction. 


Altitudes above the Mean Level of the Sea.. 


In the summer of 1842 a system of tidal observations was instituted by the late Major- 
General Colby round the coast of Ireland, in order both to improve the theory of the tides and 
to ascertain the relative advantages of using high water, low water, or the mean of high and low 
water, as the plane of reference for altitudes. Observations of the tides were made with great 
regularity for the space of two complete lunations (during the months of June, July, and August) 
at 22 stations round the coast of the island, the stations being connected by lines of spirit-leveliing. 
These observations have been fully discussed by the Astronomer Royal in a paper which will be 
found in the Philosophical Transactions, Part I., for 1845. 

The relative heights of the surface of the sea round Ireland, which have been deduced from 
them by means of the connecting system of levels, are exhibited in the following table *:— 


Spring Tides. Neap Tides. 
Mean Height 














Stations, of Tons Care 
Mean Water. {| Mean Belen Mean Height Mean Hdgh Mean Height 
oO 0 
. High Water: Low Water. High Water, Low Water. 
Feet. “Feet, Feet, *” Feet, Feet. 
Kingstown. . 8°395 14°35 2° II‘21 °36 
Clogher Head . 8°184 15 628 reas II 008 i 308 
Ardglass 8 +638 16°431 1°005 12°531 4.°503 
Donaghadee 8°74.5 15°046 3°061 II‘gIo §°391 
Glenarm. 8° 709 12°681 36° 436 10°681 6° 700 
Ballycastle . §°4.79 10° 864 6°601 8°651 7°726 
Portrush 8682 12°234. §°674. 9°034 7°O434 
| Carrowkcel . g‘029 13°44.7 5°187 10°IO7 7°532 
Buncrana 8° 369 15 OQI I‘QIl 10°566 5°791 
Mullaghmore 9°047 15°538 3°078 10°993 6°668 
Old Head ‘ 8° 725 15°280 2°460 10*810 6°260 
Cashla Bay. . . 8°899 15*980 1°820 11°735 5°998 
Galway . ws 8°480 15°853 I‘°O13 I1*403 5°391 
Kilbaha . 6°578 13°199 —O°Iol 9°279 3° 709 
Kilrush . 7°358 14°412 0°079 10°423 4.°016 
Foynes Island . 8*0g2 15°627 —0'603 11°672 3809 
Limerick . 8°567 17°502 —2°088 12°935 2°516 
Castletownsend. . 6°660 II°954 1°984 9°551 4° O14 
Passage West . 6°934 13°601 I°3qr 10° 514 3601 
Dunmore East . 6°753 13°099 0'699 9°879 3°629 
New Ross 7° 667 14°822 1°256 IL*300 3°737 
Courtown’ . 7°598 9°849 6°139 %9°7932 7°A07 


A glance at this table shows that mean water is more nearly on a uniform level round the 
coast of Ireland than low water of spring tides, to which the altitudes on the Ordnance maps in 
that country have been referred. The mean sea level appears, indeed, to be rather higher round 
the northern than round the southern coast of the island, but the difference is small, and it would 
pe difficult, considering the very small number of stations, to say how far it is real. 

A very close approximation to the true height of mean water at any station may be obtained 


from a few observations of high and low water at any period of the lunation, and Mr. Airy has 
a ne ena ee eee OE re ee I i kee re 

* See the volume entitled “ Abstracts of the Principal Lines of Pree nee in Ireland,” published by Order of the 
Master Gencral and Board of Ordnance, 18 oe, 
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shown that the irregularities in its height from day to day, which appear to be chiefly caused by 
irregularities in the atmospheric pressure, are nearly the same on every part of the Irish coast at 
the same time. 

In consideration of the advantage of mean water as the plane of reference for altitudes, it 
was adopted by Major-General Colby for the levels and altitudes of the Ordnance survey of the 
north of England and Scotland, which are all referred to mean water at Liverpool. 

When the observations ofthe general triangulation were resumed in the north of Scotland, 
in the summer of 1838, by the late Lieutenant-Colonel Robe, R.E., several tidal stations were 
formed and the height of mean water ascertained for the determination of the heights of the 
trigonometrical stations.* The distances of these tidal stations with respect to the trigonometrical 
stations were determined by special triangulations, observed with 5 and 7-inch theodolites. It 
seems unnecessary to give more than the results of these operations, which are as follows :— 


Height 
above Mean 
Level 
of the Sea. 


Log. Distance. 


. 4.°5143882 | Ben Hutig. 
RoanIsland . . . .{[ 243°88 { 5°0733199 | Ben Clibrig. 
. . 4°6709784 | Fashven. 
Rispond . . .. . 70°13 ve -4363163 | Bon Hutig. _ 
Clashcarnach. . . . | 228°12 ee S04 4398- |, noe eiuuphals: 


4°3947377 | Fashven. 
Berriedale Tower. . .| 187°76 4.°3621023 | Scarabin. 


Brock. . : gi*02 3°9539667 | Dunnct Head. 
Loch Seaforth, Cottage ‘ 33" 65 4.°3041556 | Cleisham. 
Callernish. . . : 46°86 4°1315796 | Ben More, South Uist. 





i a ee 


* The descriptions of these stations are as follows :— 

Roan Island Tide Station.—The graduated tide-pole was erected in a quict inlet on the eastern coast of Roan Island, 
in the Kyle of Tongue : a Bench-mark was cut on a rock, at the level of 8°250 feet above the zero of the tide-pole. From 
the observations of 14 high and 14 low waters, the reading of mean water on the tide-pole was found to be 6°63 fect. 
Thence, by levelling, the height of the Tide Station was.found to be 243°88 fect above the mean level of the sea. 

Rispond Tide Station.—The graduated tide-pole was erected in a quict inlet about 100 yards west of the Tide Station, 
which was on the small headland forming the western promontory of the entrance to Loch Eriboll. From the observations 
of 34 tides, the reading of mean water on the tide-pole was found to be 7°16 feet. Thence, by levelling, the height of the 
Tide Station was found to be 70°13 fect above the mean level of the sea. 

Clashcarnach Tide Station.—Tho tide-pole was erected in a small inlet to the cast of Cape Wrath Lighthouse ; the 
Tide Station being on the cliffabove it. At this point only three tides were observed, and, by levelling, the height of the 
Tide Station was found to be 228°12 above the mean level of the sea. 

Berriedale Lower Tower.—The tide-pole was erected in a small rocky inlet on the east side and immediately under the 
ruins of the old Castle of Berriedale, in Caithness-shire. The mean of 41 tides gave 8°911 for the reading of the pole, 
corresponding to mean water. A hole was jumped in the rock corresponding to 10°75 feet on the pole. The height of 
the bottom of the tower was found by levelling to be 187° 76 fect above the mean level of the sea. 

Brock Tide Station, near Dunnet Head.—Record of the tidal observations defective. The Tide Station is found by 
levelling to be 99°93 fect above lowest tide, or 91°02 above mean water. 

Loch Seaforth Tide Station, Island of Lewis.—The graduated tide-pole was erected about a quarter of a mile south- 
west of Sir Frederic Johnstone’s cottage, at the first rocky point projecting a little into the Loch. The mean of 51 tides 








ALTITUDES ABOVE THE MEAN LEVEL OF THE SEA. 553 


Of the stations composing the principal triangulation, the heights of the following have been 
obtained by spirit-levelling :— 








Height Height 
ames: Mean Level Remarks. Names. Sean eval Remarks. 
of the Sea. : of the Sea. 

| Feet. : Feet. 

Arbury Wil. . 735°26 Surface. IIensbarrow . . . . | 1026°99 Surface. 
Beacon Hill 2. 2... 668 + 74 - High Wilhays. . . . | 2039°6% ce 
Blackdown . . .. 790°00 |Monument 861°38.| Ingleboro’. . . . «| 2373°40 » 
Ben Lomond . . . . | 3192°16 Surface. Karnminnis . . . . 799°78 » 
Ben Nevis. . . . . | 4406°31 i“ Lincoln Minster . . 475°35 Pinnacles. 
Botton Head . . wt. 1489*00 ‘3 Maker Church . . 366°35 Surface. 
Burleigh Moor . . . s8r1°10 is Malvern . . . . «| 41396'20 ie 
Calton Will . 2... 349°60 - Merrick . . . « «| 2764°80 2 

1 Clifton Beacon eo wz 3 460 "go + Monach eta. sa 4 4 8 13 83 rs 
Coringdon. . . «© . 655°55 3 North Rona . . . . 355°20 < 
Cowhythe. . . . . 272°75 | Above low water.| Old Sarum Castle. .. 404°68 
Criffel .. «4 oe 60s 1866°60 Surface. Old Sarum Gun . . 24.1°31 es 
Ditchling . . . 84°17 iy Pertinney. . . . . 735°47 » 
Dunkery . . . . . | 1706°44 ‘ Precelly . 2. 2. . . 1757°90 3 
Dunnose . « ey: 971790 a Sayrs Law. . . . «| 1753'07 i 

| 

| Dunstable . ; 800°2 ‘ S. End Lough Foyle Base 88°00 . 

j Hast Lomond . . . «| 1471°30 5 Southampton. . . . 78°00 93 
Garforth Cliff. . . . 342 °04 ‘i Saint Paul’s . . . 417°gt | Top of Cross. 
GerthofScaw . . . 70°20 35 Swaffham. . . . 372°60 Telescope. 

| Great Stirling . ., 260°50 - SWYIO% -s 4 «w a 674.°40 Surface. 

| Great Whernside. . . 2310°30 . Trevose . . « « « 242°58 ” 
Hanger Hill . . wt, 201°12 5 York Minster. . . . 53°10 ” 


In order to show the degree of reliance to be placed upon the determinations of heights by 
means of observed zenith distances, we shall now give in detail part of the calculation by which 
the heights of those of the principal stations which have not been determined by levelling have 
been ascertained. | | 

We shall commence with the stations on the north coast of Scotland, whose heights are 
determinable with sufficient accuracy by means of the tide stations described in the last 
page. 

The heights of the tide stations at Rispond, Clashcarnach, and Roan Island are 70-1, 228-1, 
and 243-9 feet respectively above mean water. Assume the height of Ben Hutig 1340 + 4, of 
Fashven 1495 + y, and of Cnoc-ghiubhais 976 + z, then by means of the reciprocal observations 
of these stations, and their observations of the tide stations, we have eleven equations for the 
determination of 2, y, z. These equations are thus obtained: the difference of height of Ben 





gave 8-230 feet as the reading of mean water on the tide-pole, and, by levelling, the height of the ground at south-west 
corner of the cottage was found to be 33°65 feet above the mean level of the sea. 

Callernish Point, in South Uist,—The graduated tide-pole was erected in a sheltered situation about 200 yards north-east 
of the Ru Callernish Pile. The result of 28 observed tides gave 10°48 fect for the reading of mean water on the pole ; 
and, by levelling, the centre stone in the Callernish Pile was found to be 46°86 fect above the mean level of the sea. 
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Hutig and Fashven is, by the observations at the former station, 156-3, and by the observations at 
the latter, 154-7; these quantities supply two equations, namely, 


© —Y— 155 + 156-3 =0 e—-y+13=0 
or 
| ae | 

In general, it is convenient to assume for the weight of an equation the number of observations 
upon which it depends, divided by the arc (} — &) v, expressed in minutes: this quantity being 
proportional to the distance, and of a convenient magnitude. In thus estimating the weight, it is 
by no means necessary to calculate it with precision. Thus the weights of the equations just 
written down are each taken equal to unity. The reciprocal observations ‘at Ben Hutig and 
Cnoc-ghiubhais give the equations— , | 


C—Y —-OoZ=0 


G—- 2+ 1-7 =O 
%—-Z+O01=0 
The weight of either may be taken at -75. From the eleven equations that may be deduced 
in this manner between x y and z, we have finally, by the method of least squares, the following — 
27-50% — BOY I°5Z+ OO =O 


— 202+ 220y— goz—180=0 
— 15%— 90Y + 36-52+ 18:8 =0 
From these we have « = -+ 0-03; y = + 0-68; 2 = — 0-35; whence, 
Height of Ben Hutigs + +++ +++ 1340-0 Feet above Mean Level of Sea. 
‘5 Fashven +++ + + + +e os 1495°7 99 29 
i Cnoc-ghiubhais + +++ +> 975°7 9 9 


These values satisfy the observations with much precision, and therefore the determinations may 
be considered as satisfactory. 

The height of the tide station Brock, near Dunnet Head, ‘is 91-0 feet above mean water, and 
the height of Berriedale Tower, near Scarabin, was found by levelling to be 187-8 feet. By means 
of these data we may fix the heights of Dunnet Head, Ben Chielt, and Scarabin. Assuming the 
heights of these three stations to be 420 + 2, 940 + y, 2054 + 2, we have six equations for the 
determination of x, y, 2, which when combined, having respect to their weights,* form the group— 

Al25@ — 0-25 Y — 100% + 77-52 =0 
, — O25 H+ 4009 — 3°52 — 255 =0 
— 1000 — 3-75 Y + 24-752 + 1:03 =0 


Whence we have = — 1-88; y = + 0-48; 2 = — 0-04. Applying these corrections, there 
results — | 
Height of Dunnet Head - +++ ++ 418-1 Feet above Mean Level of Sea. 
os Ben Chielé. + + ++ +295 940°5 ry) 93 
35 Scarabin «++ sees 2054:0 9 29 


We may compare these results with what would have been derived from Ben Hutig. The 
reciprocal observations at Dunnet Head and Ben Hutig (two observations at each) give 917 feet 
for the difference of height: this applied to the height of Ben Hutig as just determined, namely 


rg EEE eS<3530n eee 


* When the weight deduced, as explained above, does not much exceed yz), the corresponding equation is rejected. 
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1340 feet, would give the height of Dunnet Head 423 feet, showing a discrepancy of 5 feet. The 
reciprocal observations at Ben Chiclt and Ben Hutig give 415 feet as the difference of height of 
those stations: this quantity applicd to the height of Ben Hutig gives 925 feet for the height of 
Ben Chielt, which is probably too small by 15 feet. And finally, the ten observations at Scarabin 
give 744 feet for the difference of height of that station and Ben Hutig: this applied to the height 
of Ben Hutig would give the height of Scarabin too great by 30 feet. 

The height of Ben Clibrig may be determined very satisfactorily from Fashven, Ben Hutig, 
Scarabin, Dunnet Head, and Ben Chielt ; and also by means of the observations at Ben Clibrig of 
the Roan Island Tide Station. We ave thus ten determinations of the required height’; of these, 
six are between 3151 and 3158 feet; the others are 3140-6; 3162-1; 3170-6; and 3168-0. 
Thus the height of Ben Clibrig is found, by giving to each determination its proper weight, to be 
3157-6 feet. | 

From the levelled heights of Ben Nevis (4406-3 fect) and Ben Lomond (3192-2 feet) we 
may determine the heights of Scournalapich (3774 + x), Mamsuil (3862 + 7), Ben Lawers 
(3984 -+ 2), and Ben Macdui (4292 -+ w). This system of points supplies twenty equations for the 
determination of the four unknown heights. ‘These equations resolve themselves into the following 
system— 

30°5@—- 2390 Yt sss — A25OW + 42-70 =O 
— 230% + 28-5 y— 2:0 2z— 0-75 W— 20-35 =O 
rete 20 YtlZ25z— 5:0 w+ i6-40=0 
TG EH O7T5SY — 50 F + IL-5 W— 45-45 = 0 


Whence— 
©= — 1:24; y= — 0-18; = + 0-103 w= + 3-64. 
So that we thus have— 
Height of Scournalapich» + ..+... 3772-8 Feet above Mean Level of Sea. 
9 Mamsuil «+. ee eee 3861-8 9 29 
‘3 Ben Lawers+ + + + + ++» 3984-1 99 9 
3 Ben Macduit ++» ...+.. 4295-6 ay 99 


The greatest discrepancy here brought out is in the connection of Mamsuil and Ben Lawers. 
We have obtained, as most probable, thelr difference of height, 122-3 feet; but the observations 
(twenty in number) at Ben Lawers give 161-4 feet for the difference of height, and the observa- 
tions (twenty-one in number) at Mamsuil give 85-4 feet for the difference of height. 

If, however, we calculate the difference of height by means of the difference of the observed 
zenith distances, instead of using a value of the coefficient of refraction, we get 124 feet, which 
agrees satisfactorily with the heights we have assigned. And similarly with respect to Ben Lawers 
and Ben Macdui:* the differences of height calculated independently are 289-1 and 332-4 feet, but 
if we combine the zenith distances and thus eliminate the coefficient of refraction, the result is 
311 feet, which agrees exactly with the heights assigned as most probable. 





* Ben Macdui, or, as more correctly spelt, Beinn-muic-dhuibh, has been sometimes stated as the highest mountain in Great 
Britain ; but as the probable error of the height here given can scarcely amount to 10 feet, Ben Nevis has the advantage 
by at least 100 feet of height. 
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The difference of height of Ben Clibrig and Ben Macdui is thus 1138 feet. These points are 
mutually visible, and ten observed zenith distances at Ben Macdui give 1162 feet for the difference 
of height, while four observations at Ben Clibrig give 1103 feet; the mean of these results, having 
respect to their relative weights, gives 1146 feet for the difference of height. This is sufficiently 
satisfactory when the distance, 85 miles, is considered. 

The points Ben Macdui and Scarabin are also mutually visible. By means of seventeen obser- 
vations at Ben Macdui, the difference of height is found to be 2301 feet, while a single observation 
at Scarabin gives 2208; the former exceeds the probable truth by 60 feet, the latter is in defect 
by 33 feet: the distance is 80 miles. By cight observations at Sayrs Law, distant 93 miles, the 
height of Macdui is 4314-0 feet. 

The station Knock is well observed from Cowhythe, whose levelled height is 267-7 fect, and 
may be safely determined from that point alone. We thus obtain 1416-9 feet for the height of 
Knock. | 

The heights of Mount Battock and Corryhabbie may be safely determined by their connection 
with Ben Macdui, Knock, and Cowhythe. Putting 2557 + 2 and 2555 + y for the required heights, 
we have ten equations for determining « and y, which resolve themselves into the equations— 

12-25zt— 6-0y + 109-2 =0 
—- 60 ++ 18-5 y — 270-1 =0 


from which there results c = — 2-10, y = + 13:92. Consequently, 
Height of Mount Battoch +--+. - 2554°9 I’cet above Mean Level of Sea. 
- Corryhabbie + +++ ++. 2568-9 5 5 


These determinations represent the observations with tolerable exactness. The heights of 
Corryhabbie, as deduced from Knock, Cowhythe, and Ben Macdui separately, are 2582, 2559, 
and 2571, the mean differing by 3 feet from the most probable height just deduced. Yet on 
comparing this with the height of Ben Nevis a very large discrepancy is brought out. The true 
difference of height is 1837-4 fect, whereas nineteen observations at Corryhabbie give 1957-4 fect 
for the difference of height, and fourteen observations at Ben Nevis give 1948-4, either of which, 
notwithstanding the great number of observations, must be more than a hundred fect greater than 
the truth: the distance is very nearly 80 miles. A similar effect is observed in comparing Corry- 
habbie with other distant stations, all tending to show an unusual amount of refraction at Corry- 
habbie. This extraordinary refraction may perhaps be satisfactorily explained by the circumstance 
that the top of the hill is an extensive flat. 

The height of Ben Wyvis may be ascertained from Ben Clibrig, Scournalapich, and Mamsuil, 
without having recourse to more distant stations. We thus have five determinations, all lying 
between 3402-6 and 3426-6, which, when combined with respect to their weights, give— 


Height of Ben Wyvis «1+ +0 ee 34.22°5 Feet above Mean Level of Sea. 
The observations at Scarabin give 3410-4, at Ben Macdui 3419-7, while from Ben Nevis forty. 
two observations give 3501-2, and twenty-seven observations at Corryhabbie give 34.79: 4. 


From Ben Lawers, Ben Lomond, Ben Macdui, Mount Battock, East Lomond, Ben Nevis, and 
Sayrs Law, we may obtain fourteen determinations of the height of Ben Cleugh, ranging between 
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2327 and 2366, from which the height required is found to be 2352-5 fect. The greatest discre- 
pancies are shown by the distant points Ben Nevis and Ben Macdui. 

Nine determinations of the height of Glashmeal may be obtained from Corryhabbie, Ben 
Macdui, Ben Lawers, Ben Cleugh, and Mount Battock. The values range between 3564 and 3482, 
the greatest value resulting in each case from the observations at Glashmeal, which are few in 
' number, and therefore of small weight. The greatest discrepancy amounts to 62 feet, and results 
from the three observations of Corryhabbie at Glashmeal, a distance of little more than 33 miles. 
The most probable height of Glashmeal from these determinations is 3501- 7 fect. 

By means of the known heights of Sayrs Law, Ben Cleugh, Merrick, and Criffel, and the 
mutual observations of Hart Fell, Dunrich, Wisp, and Cheviot, we may determine the heights of 
the last four points. Putting Hart Fell = 2640 + 2, Dunrich = 2440 + y, Wisp = 1950 + 2, 
Cheviot = 2670 + w, we get twenty-eight equations for determining x, y, z, w, which resolve 
themselves into the following— 

14-62 — 5O0Y — 342—-10W— 16-1 =0 
— 502+ 9:3yY—0-82—1-2W + 63:6 =0 
— 34%—-o08yY+652—-1:2W— 135 =O 
— LOL L2Y— 126+ 54U— 460 
From which we obtain— 


e=—16s;y= —783;2=> + 01l;w= ~— 12 
So that we have— | 
Height of Hart Fell « .s1 ss eee 2638-4 Feet above Mean Level of Sea. 
9 Dunrich ++ + ++ ee ees 243202 ss ne . 
53 Wisp ++ + see eens 19501 3 ‘s 
$5 OC) eDIBE oe > Be a WS 2668-8 ue “ 


The largest discrepancies here occur in the observetions of Merrick at Hart Fell; Cheviot at 
Dunrich ; and Hart Fell at Wisp. Seventeen observations at Hart Fell give 159-2 feet for the 
difference of height of Merrick and Hart Fell, which probably exceeds the truth by 30 fect at 
least. In the other two cases the discrepancies are also about 30 feet cach, but depend upon a 
very small number of observations. 

The observations at Hart Fell present great irregularities ; the range in many cases being so 
large as to render it difficult to say what is the most probable mean zenith distance of the object 
observed. 
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ALTITUDES 





ABOVE THE MEAN LEVEL OF THE SEA 


OF 


THE STATIONS COMPOSING THE PRINCIPAL TRIANGULATION. 


* The altitude of this point was found, by levelling, on August 25, 1813, to be 272°75 fect above low water : 
it to the mean level of the sea. 











Names. Feet. Names. leet _ Names. 
Acklam Wold . 765°9 | Bunwell Tower Ground | 189°7 | Epping Poorhouse . 371°2 
Arbury . : 735°3 | Burleigh Moor. . | §82°r | Fairlight Down 583°7 
Arrenig . . . 2816°8 | Burnswark . 929°2 | Taira Fit" 5 
Axedge . 1809°6 | Butser 882°6 | Fashven 1495°7 
Back Tor . « . | 1764°2 | Cader Idris . 2959°4 | Feaghmaan . 880°0 
Baconsthorpe Tr. Ground | 263°3 | Caherbarnagh . 2231°o | Fetlar 521°6 
Balsham Tower Ground | 378°1 | Calton Observatory (B.1 M. 349°6 | Fitty 550°9 
Balta . . . 143°5 | Carn Galver . . . 826'7 | Foula_. 1372°6 
Ballyereen . ‘ 2167°2 | Carrigfadda 1019'0 } Four Mile Stone 513° 
| Banstead. 572°1 | Cheviot. . . , 2668°8 | Forth . 768°0 
Barrow Hill 447°5 | Chingford 299°8 | Frittenfield . 632°3 
Bardon. . 902°3 | Cleisham . . . 2622°1 | Gads Hill (Base ‘of Obelisk) 297°2 
| Baurtregaum 2788°o | Clifton . se 460°9 | Galtymore . ; 3007°0 
Beacon Hill 668°7 | Cnoc-ghiubhais, . . 975°7 | Garreg . oS 808 °6 
Beacon Hill, Trescow . 122°4 | Collier Law 1685°7 | Garforth Clit :. % 342°0 
Beachy Head 532°4 | Coringdon . 655°€ | Gerth of Scaw . FO°2 
Ben Cheilt . 940°5 | Corryhabbie 2568°9 | Goonhilly i. ts Se BOTS 
Ben Clibrig 3157°6 | Cowhythe*. . . 267°7 | Gorleston Tower Ground 34.°9 
Ben Corr... 2328°o | Cradle . . . . . +. | 2660°5 | Great Ormes Head ., 683°1 
as Heynish -. 473°6 | Criffel . . . . . . | 1866°6] Great Stirling . . . . | 260°5 
Ben Cleugh - | 2352°5 | Croghan . . . . . | 761°o | Great Whernside » + | 2310°3 | 
Ben Lomond . . . . | 3192°2 | Cyrn-y-Brain . . , 1843°9 | Greenwich Obs’ Opn) . | 214°0 
Ben Futig . 1340'0 | Cross Fell . : 2927°8 | Gwaunysgaer - | 694°8 
Ben Lawers 3984°1 | Crowborough . . . 803*1 | Gringley . 275° 
Ben More, South Uist 2034°5 | Crowle. . . . . 63°2 | Glashmeal . 3501°7 
Ben More, Mull . 3185°5 | Cuilcagh . 21800 | Goat Fell 2874°9 
Ben Macdui . . 4295°6 | Cundtham . « «| 756°8 | Hampton Poorhouse 57°6 
Ben Nevis . a: 4406°3 | Danbury Spire. Ground | 366°7 | Hanger Iiill sd C2ORT 
| Ben Tartevil ‘ 743°4 | Dean Hill . « «| 512°oO } Hanslope Spire Top | 555°3 
Ben Wyvis. . . . .« | 3422°5 | Deerness 282°8 | Happisburgh Tr. Ground 61°2 
Berkhampstead Gazebo. Ditchling 814°2 | Hensbarrow . . ~ © | £027'0 | 
| Ground | 352°8 | Divis . . | 1559°O | Hart Fell 2638°4 
Black Comb. 1974°3 | Docking Tower Top | 357°t | High Port Clift 134°3 
Blackdown Mont Top 861°4 | Doolieve - «| 592°0 | High Wilhays . 2039°6 
Ground | 790°0 | Delamere 572°0 | Holme Moss » «| 192578 
Blackheddon 656°r | Deadman 372°7 | Hingham Tower Top | 312°3 
Blue Hill 465°3 | Drung Point 55°7 | Ifortons Gazebo Top | 354°1 
Boniface Down . .. 483°9 | Dudwick 562°2 | Howth . e Swit “§55"¢ 
Boniface, South East . 759°2 | Dunkery 1706°4 | Hungry Hill 2243°0 
Boston Tower . . Top! 286°5 } Dublin Observatory 272°7 | Ingleborough 2373 °4 
Botton Head » + | 1489°0 | Dunnet Head 418°1 |] Inkpen . 972°8 
Brandon Down 866°6 } Dunnose ‘ 771°9 | Jura. 2566°7 
Brandon [ill 3119°3 | Dunrich . . , 24.32°2 Karnbonellis 808° 1 
Brandon, Suffolk 163°9 | Dunstable . 8o00°2 | Karnminnis . » 799°8 
Brassa . a 737°3 | Durham Observatory (Dome) 360°: | Keeper. . 2270°O 
Brimmond. .. . 859°4 | Easington 683°8 | Keysoe Church Spire. Top 358°5 
Broadway Tower . . to45°2 | East Lomond ' 1471°3 | King’s Arbour . 84.°8 
Brown Willy ~ « | 1364°1 | aston Tower , Ground 287°9 | Kellie Law . 595°° 
Buckminster Spire. Top | 586°6} Ely Minster Ground 51°6 | Kippure 2465 °0 


5 feet has been deducted to refer 
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Names. Feet Names, Feet. Names. Feet. 
Knock . .« «© © «© + | 1149°2 | Norwich Spire . Crome 19.7 | Slieve More in Achil . . | 2196°4 
Knockalongy 1770°0 | Nodes Beacon. . 483°0 | Slieve Snaght . . . .« | 2011°0 
1 Knocklayd .. 1677°0 | North Ronaldshay Tinht: Snowdon . . . « « | 3590°! 
Knockmealdown 2601°0 house. . . Ground 25°0 | South Berule . . .. . {| 1§98°3 
Knocknadober ._ , 2258°2 | Norwood . . . 258°3 | SouthLophamTr. Ground | 160°4 
Knocknagante . 2178-0 |] Old Lodge. . . . 562°9 | South Ronaldshay . 383°3 
Knocknaskagh , 1398°0 | Ordnance Map Office . 78°0 | Southwold Tower. Ground 384 
Knockanaffrin . . . ., | 2470°0 | Orford Castle. - Ground’|'- 39°5 | Stoke Tower .*-Ground | 188°1 
Lawshall Tower. Ground | 335°5 | Otley Tower Ground | 179°8] Stoke Hill. . . 73184 
‘Laxfield Tower. Ground | 152°0 | Over Hill . . . . «| 449°0 | Stronsay 148°4 
-Layton .- , . . . | 14°2 | Paddlesworth . ¢ 626°3 | Storr. gb. of BGR 
Leith Hill . «| 967°0} Paracombe , : 1572°4 | Swaffham Spire Ground |. 236°8 
Lincoln Minster’ . ‘Top! 475°3 | Pendle Hill. . . | 1816°4 | Swyre Barrow. . —-674°4 
Littletown Down . | 657°6 | Peterhead Old Windmill . m4°7 | Start Lighthouse (Base of | 
‘Little Stirling . 312°5 | Peninnis Windmill .. . 107°5 . Cupol ") a 108°O. 
Long Mount 1696°5 | Pertinney 735° Taur Bee. oe 1321°O 
Llanclian : 1108 4 | Pillesdon g09°5 | Tarbathy 168-3 
Lough Foyle Base, N. End 17°0 | Precelly. 1757°9 | Tawnaghmore . - + | Irag‘o 
Lough Foyle Base, S. End 80°0 | Plynlimmon » « . | 2481°3 | Thaxted Spire. Ground | 324°8 
Lundy Island . 466°0 | Reform Monument. Top | 243°0 | Telegraph Tower. Ground | 159°7 
Lynn Church Tr. Ground 18°5 | Rona, North . | 355°2 | Tharfield 550°O. 
Lyons Hill . 644°0 | Ronas , . 1474°8 | Tilton 755°0 
Lumsden. - . | 737°7 | Ru Rea. 953°6 | Tofts Tower 98-0 
Maker Church Tr. Ground 366°3 | Rhuddlan Base, East End. 21°3 | Tara 817°0 
Malvern . . | 1396°2 | Rhuddlan Base, West Ind. 20'2 | Trostan . i tok 1802°0 
Mamsuil 3861°8 | Ryders Hill .- . . | 1696°0 | Trevose Head. . 242°6 
Mendip. . 979°2 | Old Sarum Castle . 404°7 | Upcot Down 8g0'0 
Merrick . . . | 2764°8 | Old Sarum Gun 241°3 | Vicars Carn. 806°0 
Merrington Ch. Tr. Top | 698°1 | Sawel . . . «. « «© | 2228°0 | Walpole, St. Peter’s Tower. 
Mickfield Ch. Tr. Ground | 194°6 Saxavord . . . ae eee ky ee Ground 8:5 
Milk Hill . . | 966°7 | SayrsLaw. . . . «| 1753°1 | Walton Tower. . . 74.°O 
M. C. Base, North End 8°7 | St. Agnes Beacon... 597°3 | Wart Hill Hoy. . . 1559°1 
M. C. Base, South End 8°6 | St. Agnes ee eee Top 157°6 | Water Crag . . f | | 2187°1 
Moelfre Issa ro46°r | St. Anns, 207°r | Week Down. » « | Ggor5 
Monach . 813°8 | St. Martin’s Head. . 150°3 | Westbury Down . , 754°9 
Mordington ‘ 649°4.| St. Paul’s Cathedral, Top Whitehorse Hill . 859°6 
Mormonth 743°8 of Cross . ‘ 417°9 Wingreen 7 oe 8 913°5 
Mowcopt . tror*r | St. Peter’s Tower . 154°6 | Wittle Will. . . 1529°5 
Mount Batteck . ‘ 2554°9 | Sca Fell. 3229°6 | Wolf Rock. . . « . 20°5 
Mount Leinster 2602°1 | Searabin 2054°0 | Wordeslow. . .”. « 635°0 
Mount Sandy 56°o | Scournalapich . 3772°8 | Wrotham .. . «+ + | 774°3 
Nive Hill . . . . «| 5§24°0 | Severndroog Castle. Ground ee 4.| Wroxall Down . 725°0 
Naseby Ch. Tower. Top | 714°6 | Shanklin Down 7i7°7 | Wisp . « ¢ 1950°1 
Naughton Ch. Tr. Ground | 277°1 | Slieve Donard . 2788'o | Yell. . oe ey ee Swf, GO5"S 
Nephin . . . . | 2638°0 | Slieve League . 19 56° o | York Minster . Ground 53°0 





SECTION X, 


CONNECTION OF GEODETICAL AND ASTRONOMICAL OBSERVATIONS. 


Tue information we possess as to the figure of the earth has been obtained by methods 
singularly dissimilar, but agreeing with great precision iu the resulting values of the eccentricity of 
the meridian. The hea nh connecting the figure of the earth with the law of gravity upon its 
surface, enables us, after ascertaining by means of the vibration of a pendulum the actual or rather 
relative amounts of gravity at a great number of stations, to determine that figure or amount of 
eccentricity which will best represent the observed variations of gravity. But we cannot by this 
method, nor by the observed, effects of the eccentricity of the earth in producing a disturbance 
both in the latitude and longitude of the moon, assion anything beyond the ratio of the axes. 
The actual dimensions of the earth, or the nature of the irregular surface within any given limits, 
can only be determined by the connection of geodetical and astronomical observations, whereby we 
obtain respectively the lengths and curvatures of lines traced upon the true surface. 


§ I. 

1. The comparison of the results of corresponding geodetical and astronomical observations 
has almost invariably brought to light discrepancies that from their magnitude could not, even in the 
earlier operations, be ascribed to the errors of observation alone; nor has the greater perfection to 
which instruments and modes of observing and calculating have been brought, up to the present 
time, removed these discrepancies, but on the contrary, they are exhibited in more unmistakeable 
reality. The source of these discrepancies may be a combination of errors of observation with 
either of the following : first, deflection of the plumb-line by local attraction, caused by inequalities 
of the visible surface of the earth at or near the station; second, deflection of the plumb-line by 
unequal distribution of density at small or very great depths below the surface ; third, irregularities 
of the earth’s figure or surface. The third of these sources differs from the other two in the 
quality of extent only; for the local attraction, whether originating at or below the surface, that 
produces a deflection of the plumb-line also produces an irregularity in the mathematical surface: 
there may be irregularities of different orders of magnitude. 

That stations may be chosen unsuspectingly in such positions that the astronomical results 
shall be very materially affected by the first of the above sources of error, namely, that of the 
Inequalities of the surface, is proved by the selection of the position of several stations even in the 
present triangulation ; for instance, Burleigh Moor, or the south end of the Lough Foyle Base. It 
will be proved further on that the high ground to the south of each of these stations produces a dis- 
turbance that renders the astronomical observations quite erroneous. As another instance, we may 
allude to the station Takal Khera, in the vicinity of the Mahadeo Range of Mountains. ‘The face 
of this range, which lies east and west, is distant about twenty miles north (very nearly) of the 
astronomical station, and in consequence of this great distance it was considered by Colonel 





a 
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Lambton that no effect could be produced upon the plumb-line.at Takal Khera. It was, how- 
ever, proved by Colonel Everest, by actual calculation, that the mass was sufficient to produce a 
deflection of the plumb-line to an amount far exceeding the possible errors of observation.” 

When we consider the heterogencous nature of the crust of the globe, it isin no way 
remarkable that the surface to which geodctical operations are referred (that of the sea, pro- 
duced in imagination) should present small irregularities, but, on the contrary, the d priori 
probability that the surface of the earth should be found to agree precisely with any single 
formula is really very small. | 


3. The discrepancies between geodetical and astronomical observations are brought out 
principally in one or other of the following ways ;—either in the determination of the figure of 
the earth from different combinations of measures, whether of the meridian or of parallels; or 
in the comparison of the observed latitude, longitude, or bearing of the meridian at any point, B; 
by means of the observed latitude, longitude, and bearing of the meridian at another point, A, 
transferred geodetically on assumed elements of the earth’s figure to B. Suppose A and B to 
be the trigonometrical stations, and suppose that at A there is a disturbing force acting which 
draws the vertical through an angle, 3, then it is evident that the apparent zenith of A will be 
really that of some other place, A’, whose distance from A is 6 x earth’s radius; and similarly 
if there be a disturbance at B to the amount 0’, the apparent zenith of B will be really that of 
some other place, B’, whose distance from B is 3’ x carth’s radius. Hence we have the dis- 
crepancy, that while the geodetical operations deal with the points A and B, the astronomical 
observations belong to the points A’ and B’.’ Should 8, 3’ be equal and parallel, the displacements 
AA’, BB’ will be equal and parallel, and no discrepancy will appear. 


4. By the comparison of two meridian measures we may determine values of the axes of 
the spheroid, affected with errors of observation and the probable effects of local attraction. If 
c, o, be the measured lengths of two meridian arcs, whose astronomical amplitudes are >, , and 
their mean latitudes 4, %,, we shall have— _ 


o =a(i —2) (¢.—gzsin $,.005 2, ) 
c= a(I—n) (¢,— 3 nsin 4, c08 24,) 


omitting the square of 2, which is the ratio ofa —b:a-+ 5. Ifwe suppose the arcs small, so 
that sm may be replaced by $, we shall haye— 


Ga ac , 
3n= oT, >, 
C03 2A, — COS2A, 


“ 
©2 egg 24, — — 00823" 
a (1 —_ 2) = Pa hae a OO 

COS 2A, — COS2A, : 
* In connection with this it js worthy of remark, that the correction to the Jatitude of Takal Khera, deduced by 
M. Bessel in his determination of the Figure of the Earth from meridian measures, is + 3/”°537-—see “ Astronomische 
Nachrichten,” No. 438, p. 115. 
+B 
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Now suppose that, in consequence of local attraction, the terminal latitudes of the are oc, 
are affected by errors x,’ and z,, then the are , 1s affected by the error x,’ — x,; and similarly 
suppose >, to be affected with the error 7, — 2,, then the deduced value of 3 7 will be affected 


with the error— 


C3 (¢, a z,’ 7 z,) T. or 
o; (>, + ca cme 2,) 7 Oy >, 


cos 2A, — COS2A, 
| Fike a ee 
dt 
COS 2A, — COS 2 A; 
Let the arcs >, >, expressed in degrees be 7, r,, and auppoEe v, 0, £, “,/ expressed in 
seconds, then the error of the- ellipticit; 'y will be— 


wy — &, a — wy 
2, I ?, cae Ue 


3 3600 2sin(A, + A,)sin(A;.— A;) 


z/—2x, 2-2, 
Se. Z "3 He ry | 
~~ 10800 sin (A, + A,)sin(A, — az) 

If we suppose each of the independent errors « to have a probable amount «, then the 


probable error of the deduced value of the ellipticity is— 


2m 2 
a ae 


E 
= (xo80) ° sin n (A, i. ra sin a — A,) 

Suppose, now, that we compare two arcs of a degree each, situated in mean jatitades: and 
close to each other, say about five degrees apart, the probable error of the resulting value of the 
compression will be approximately 

oe — 
“™ 10800 sin 5° ~ — 500 
so that if ¢ = 2” the probable error. of the deduced value of the compression will be actually 
greater than the compression itself. Hence, in comparing small arcs not widely separated in 
latitude, it will be nothing remarkable if negative values of the ellipticity should be obtained, 
provided the probable disturbance due to local attraction should amount at each station to 2” 
or even a smaller quantity. 

Should the two arcs be contmuons) that is, suppose the northern terminus of 4, to be the 

southern terminus of $,, then 7,’ = 4, , and the error of the deduced value of the ellipticity— 


a a 2 a 2, 
tite tae 
UP 73 r; r, 


ne Sn ee See Se 
10800 sin (A, + A,) sin (A, — A,) 


Fi ‘ E r,? es “+ r,Ts 


a) 
~~ 10800 sin (A, + A,) sin (A, — A,) 


ind the probable error— 
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which is approximately equal to— 


te\f/54+5+2 
/ vr, rs Mm, 
by putting ~, — 2, = half the combined length of the two ares. 

Let us estimate from this the probable error of the ellipticity that would result from a 
comparison of the arcs Dunnose to Arbury and Arbury to Clifton. Their lengths expressed in 
degrees are r, = 1-6 7,== 1-2, and a, = 51°25’ A, = 52° 50’; £0 that the probable error of 
the deduced value of the ellipticity is— 


es’ 1-606 
=~ ee 
— 42772 





- cosec (A, + A,) 


sec (14° 15’) 
& 
142-7 
Therefore if we suppose the probable disturbance at each station to be even less than a second, 
the probable error of the resulting ellipticity will be twice as great as the ellipticity itself. 


= + 





5. The anomalous results deduced from the English arc extending from Dunnose to 
Clifton, as given in the second volume of the ‘ Account of the Trigonometrical Survey,” have 
given rise to much discussion. It was found that in proceeding from the southern to the 
northern extremity, the length of a degree diminished, which seemed to indicate a negative 
value of the ellipticity. General Mudge remarks upon this discrepancy between the expected 
and the obtained results :— I think it is probable that an error in the whole distance, of 197: 
“ miles nearly, does not subsist to an amount of more than roo feet, corresponding to one 
“ second in the amplitude of the whole arc, and I also think it probable it cannot amount to 
“ half that quantity. The supposition:of the zenith distance of the stars being generally 
erroneous at any one station cannot be admitted, unless it should be imagined that the plane 
of the sector’s limb was not got into that of the meridian. Such an idea, however, can 
scarcely be entertained after a careful examination of the several observations, and a due 
attention to the means by which thé instrument was made to assume its right position. 
Perhaps, also, I should not fail to observe in this place, that although the instrument was 
always brought into the plane of each meridian by means of the telescope attached to the 
side of the great tube and the azimuth circle, yet, having two good chronometers in my 
possession, I repeatedly verified the truth of the sector’s position by observing the transits 
of two stars north and south of the zenith at the greatest distances my arc would admit of. 
But, to return: if there be an error in the amplitude of the total arc from a deflection of 
the plumb-line at either of the stations, it is not probable that any such deflection existed 
at Dunnose, as the deviation of it towards the north, from a deficiency of matter towards 
‘ the channel, would tend to diminish the inequality between the lengths of the two degrees ; 
this will be evident on consideration. Iam therefore disposed to believe that the plumb-line 
was drawn towards the south from-the action of matter, both at the northern extremity of 


the arc and at Arbury Hill, but more particularly at the first-mentioned station. If this 
4Bz2 . 
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“ were partly the case, and both Dunnose and Arbury Hill were free from any such prevailing 
‘“ cause, the total are must be too great; if taken at 2° 50’ 23”-38, by about 8”, nearly answering 
“ to 2” on each degree. <A deviation of 8” from the true vertical is a large quantity, nor can 
“ the cause of it be assigned, unless it be also supposed that the matter producing that 
“ deflection extends in a southern direction beyond Arbury Hill. If the error, though not 
‘* probable, as above observed, be supposed to exist at Dunnose, it must amount to more than 
“ to”, and that, too, from the effects of attraction in a southern direction, where the deficiency 
“ of matter would lead us to believe the reverse would happen...... In short, the 
‘“ general tenor of the observations seems to prove that the plumb-line of the sector has been 
‘ drawn towards the south at all the stations, and that by attractive re which increase as 
we proceed northwards.” 

In the Philosophical Transactions for 1812 there is a paper entitled ‘“‘ Observations on the 
‘“ Measurement of ‘Three Degrees of the Meridian, conducted in England by Lieutenant-Colonel 
“ William Mudge,” by Don Joseph Rodriguez, in which the author endeavours to prove that the 
discrepancies in question arose from errors in the astronomical observations at Arbury. Assuming 
certain elements of the earth’s figure, which are far from the true or most probable values, he 
finds that the are Dunnose to Arbury should, from its geodetical magnitude, have an amplitude 
of 1° 36’ 23”-34, and the are Clifton to Arbury an amplitude of 1° 13’ 58”-63, and com- 
paring these with the observed values the resulting errors of the observed amplitudes are—on 
the southern portion — 3”-39 3 on the northern portion -+- 4-77: on the total are -+ 17-38. 
From these quantities the inference of the author is that the daa at Arbury Hill are 
erroncous to the extent of 5”. But the only true inference 1s this: If the earth be a perfect. 
spheroid, without appreciable irregularities, and if the elements used be the ‘true values, then 
the observed amplitudes are from some cause erroneous. But even admitting the hypotheses, 
which are false, the conclusion that error is at Arbury Hill is not legitimate. It should also 
be remarked, that had the station Blenheim been allowed an-influence in the deduction, it 
would have been necessary to ascribe to that station an error corresponding in amount to that 
ascribed to Arbury. 

Of this paper, as it has been considered by the highest authorities to throw no light what-_ 
ever on the subject, and to be deficient in demonstration,* no further notice need be taken. It 
would appear, however, that the discrepancy was generally attributed to a deflection at Arbury 
Hillf to the amount of 5”, as is evident from Captain Kater’s remark at page 188 of the 
account of his operations to determine the difference of longitude of Greenwich and Calais in 





* DrLAMbre, Conn. des Tems, 1816, Additions: Airy, Encyclopxdia Metrop.; “ Figure of the Earth,” page 237. 

+ It is worthy of remark, that in a letter to Colonel Mudge (in 1816) the illustrious Schumacher wrote :—* You, 
“ who know the ground, are best able to judge where local attractions are most probable; but on my part 1 must confess 
“ that I should suspect them rather at Dunnose than at Arbury Hill. And further, it seems to me that in any 
“ hypothesis it would be very difficult to establish a perfectly regular figure for the carth.’—Jemoirs of Major-General 
Colby, Royal Engineers, by Colonel Portlock, Royal Engineers.—Professional Papers of the Corps of Royal Engineers, 


_ Vol. ILI. New Series, page XXVil. 





CONNECTION OF GEODETICAL AND ASTRONOMICAL OBSERVATIONS. 565 


1821 (Philosophical Transactions, 1828); and similarly at page 236 of the treatise on the 
Figure of the Earth by the Astronomer Royal, in the Encyclopedia Metropolitana. 


6. Let us now examine the data of this arc, in order to ascertain as far as possible what 
are the deflections most probably due to each of the stations. 

The data, as we find them at page 107 of the second ee of the “ Account of the 
Trigonometrical Survey,” are— 


; ’ Astronomical 
Partial Arcs. Length in Feet. Amplitude. 


Dunnose ie Gasenwich ee” 313696 PS 51 31°39 
is Blenheim. . . 44.6498 I 13 19°69 

3 Arbury . . . 586320 I 36 19°98 
Clifton . . . 1036337 2 50 23°38 





Latitude of Dunnose 50° 37’ 7” 
If1—n:1-+% be the ratio of ars axes of the elliptic meridian, the length of the are 
between the iecitades A+4oanda — $6 is— 


= = — 7 car ae ae _ 1 pe ae 
¢ = a(I —n)(1 era 7 DIC 3nsin 6cos 2A + ) 


and the length, A, of a degree in the mean latitude, a, is therefore— 
A=a(i —2) (1—7’) (rsa + GE — 3nsin cos 20 ++: +) 
Put a, for the latitude of Dunnose, and let the corresponding value of A be A., then, 


neglecting quantities of the order an $3, we have— 


ee 180-6 I —3ncos2 A 
7 I — 32C0S 2 Ao | 
But supposing the arc ¢ to be measured from Dunnaose, 2 = a, + 4 > the latitude of the 
middle point, or rather the mean of the extreme latitudes; hence, supposing > to be expressed 
m seconds— 


3600-6 = A,¢ (1 + 32 [cos 22, — cos (2A, + 4) | i) 
~ Bum. b (1 + Onsin (22, + } #)sin) 


: =. $ (4 + sin 3” sin (2, +44)n) 


Let 364800 feet be an approximate value of A,, and let the same quantity, increased by 
the multiplicr 1 + wz, be the true value, then ey substituting this value— 


oqo = od + ¢$?sin asin (ak: +) K+ ou 
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In this equation ‘o is the length in feet of an arc ‘measured from Dunnose northward, and 
‘corresponding to the amplitude >. Let us suppose that-at each: of the five stations named in 
the table there is an uncertain amount of local attraction, and that in consequence the latitudes 
have to be increased by small quantities 7 x, v, 2, x, 2 corresponding to Dunnose. Therefore 
to the four amplitudes given in the above table we have to append the unknown quantities. 
U,— Wy Uy am By By 4; and 2, — 2, “Hence, supposing «; to be the length ‘and $, to be the 
tabular amplitude of the 7” partial arc— 7 - ie 


rire = oa 2,— 2 + o7sin 3’ sin(2a, +4 $n + ou 
z: Ber mak | . o— o2 sin 3" sin (2 tee 1 6) n= dt 4. ‘2 
304 


Substituting in this equation the numerical quantities given in the table of data, we have 
the following set of four equations, in which, in order to diminish the number of figures, the 
values of m and w have been multiplied by 1ooo— 


f 


2, = 4°29 — O-1361 2 — “3:091U + 2 
X, = 6-54 — 012755 2 — 4:400 U + x 
(A) 
, = 6:07 —0-4752n — 5-780uU + 2 


B 
Ul 


x, = 3:63 — 1-4832 7 — 10-223u + 2 


These four equations contain all the necessary relations between the radius of curvature of 
the arc, its rate of variation, and the five effects of local attraction. If we eliminate » and u 
we shall have two equations of condition between the five quantities x --~ +, so that if we 
assign any arbitrary values to any three of these quantities the other two can_be determined. 
But the most probable values correspond to those values of » and « which make the quantity 
a4 24+ 03 +2 + 42a minimum; this is, in fact, determining that particular elliptic curve 
which will best represent the observations. Making the differential coefficients of the quantity 
just written with respect to 2 and wu respectively zero, we have— 


OF t+ a, +2, +2, 4 2, ee 
O = O1361 2, £.0-2755 2, + 04752 2, + 1-4832 2, 
O = 3-091 2%, +:4+400 2, + 5-780 2%, + 10-2232, ~- 


and performing the multiplications, we get— 


O = + 20°53 — 2:370N — 23°494 U + 5000 x 
O = — 114-23 + 19°542 2 + 166-832 wu — 23-494 x 
o = = 10°65 + 25207 -+- 19°542 U— 29370 x 


Solving these equations, and restoring to m and w their proper values, namely, a thousandth 
part— 
z= + 0:064 
u = -+ 0902088 
n = — OD11909 
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and the apparent corrections necessary to the observed latitudes— 


Dunnose + +++ serene + 0-06 . 
Greenwich --.+.ee. — 0-48 
Blenheim... ++ +«+« - 0-69 
Arbury ++ sees eee — 0-28 
Clifton «++ eeesses - QOL 


These are the smallest corrections that can be applied to the observed latitudes in order that 
they may agree with the corresponding geodetical arcs in representing any elliptical curve. 
The ratio of the axes of this curve are— 


—_-" ee ewe = | 





and the length of a degree— 
368125 + 13152 cos2a 


This is thé result most consonant with the observations and measures in this arc, and must 
be taken as the true length of a degree anywhere between Dunnose and Clifton, provided it be 
assumed as most probable that the latitudes of any points between these limits determined 
~ astronomically would fall in with this curve we have determined; that is, supposing it most 
probable that there is a large irregularity. of the earth’s surface between Clifton and Dunnose. 
But the small number of five stations is quite insufficient. to give probability to this-hypothesis ; 
and as in general we must assign a greater probability to small irregularities than to great ones, 
let us ascertain next what are the smallest effects of local attraction that must be attributed as 
most probable.to the different stations, in order that the expression for.a degrce along the arc 
may not indicate a large irregularity of the earth’s surface. And -for this purpose assume an 
ellipticity of +, which is very near the mean value for the whole earth; on this supposition 2 
becomes =., and the equations (A)— 


600 


t, = 4:06 — 3:091uU + 24 
z,= 6:08 — 4-400u +2 
a, = 5:28 — 5:-780u+ 2 
t= 116 — 10-223u +r 
_ (0 = + 16-58 + 50007 — 23-404 u 
: +, = — 81-68 — 23-4942 + 166-832 uf 
i= 3-00 : us + -0000668 


whence the apparent corrections for the effects of local attraction are— 


7 df 
Dunnose «+ +t +s e+ + — 3-00 


Greenwich+e+ssess + 0-85 


ee ee) 


= 2 © 5 # &© @ ie 


and the formula for the length of a degree— . - 
| 364460 ‘— 1832 G03 2A 
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Here the length of the degree exhibits no anomaly, and the probable disturbances at the 
different stations are not singularly large,—the largest falling to Dunnose in a southern direction, 


whilst at Arbury the disturbance does not amount to two seconds. 


7. We conclude, therefore, that the data of this arc.as given in the second volume of the 
‘“ Account of the Trigonometrical Survey” do not indicate as probable any general irregularity 
of the earth’s surface, nor do they require the supposition of a very large disturbance at any 


of the stations, as supposed by General Mudge. 


If we correct the observed amplitudes accordingly, and thence deduce the lengths of a 
degree at the different mean latitudes, they will be as follows :— 


; Lengths in | Amplitude 
Partial Ares. Feet. corrected. 


Mean 
Tatitude. 


of a Degree. 


® 


Length 


Feet | 
in a Second. | 


ie Cee | See | ee ee | eo | op 


Dunnose—Greenwich. . .| 313696 3095 °24 
Greenwich—Blenheim . . {| 132802 1310°23 
Blenheim—Arbury . . .| 139822 1379°40 
Arbury—Clifton a a & ] -4gqor7 4438°99 


5! 39 32 
52 1 57 
52 50 28 


364852 
364888 
364912 
364962 


In obtaining these results we have assumed a value of the ellipticity ; they would not, 
however, have been materially different had we assumed any other value near the truth. 

This arc is particularly illsuited to be used in determining a value of the ellipticity, inasmuch 
as its situation in latitude renders the coefficient of the ellipticity small. 


8. Let us next suppose that in the whole arc there is an error of 170 feet, as now appears to 


be the case. The equations will be altered to— 


t, = 4:06 — 3-091u +2 
x, = 6-08 — 4:400u + 2 


Q 
I 


18-26 + 50002 — 
98285 S340 ee 


é 
i) 
Oo O 
Ul 
-/- 


q 
I 


5:28 — §5-780u +2 
= 2-84 — 10-223 u + 2 


23°494 u 
166-832 u 


' 


— 2-565 ' u = + 0-0002313 


and the apparent corrections for the effects of local attraction become— 


Dunnose’+ +--+. fae ate 


2-56 


Greenwich ++ ses + 0-78 


Blenheim «0s+ + eee + 


Arbury oe eee 8 8 eo ob 1-38 
Clifton » +» + «> cee — 2009 


ee ee ee, ee ee, ge ge 


NE 
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These quantities are all smaller than before, and the apparent deflection at Dunnose is now 
reduced by nearly half'a second. The length of a degree is also increased to— 
364.529 — 1823 cos 2A : 
or about 60 feet greater than before. 


It appears, then, that the error in the geodetical eer ee has had a sensible influence in 
magnifying the discrepancies. 


9. As Dunnose is the southern terminus of the are, it was considered necessary that additional 
observations should be made at other stations in its neighbourhood, in order to throw light upon 
the supposed probable existence of disturbance at that point. ‘Three stations were therefore 
selected by Captain Yolland for this purpose, and the observations for ascertaining their 
latitudes were made with Airy’s Zenith Sector. 

The stations Week Down and Boniface Down are connected directly with Dunnose,—see 
triangles 46, 47, page 472, and the distance Dunnose to Highport Cliff is determined. by the 
calculation of the following triangles :— 


Names. Angles. Log, Sines. Log. Distances. 


Boniface Down, South East . 176 7 40°96 8°9290573 3°4963342 
High Port Cliff . . . . o 48 36°48 8° 1504198 2°7176967 
Boniface Down . . . . 4 3 42°56 8*8502344 3°AI75113 


180 0 0°00 
Boniface Down . . . «| 145 8 13°03 9°7571050 3°9173428 | 
Dunnose . a ee 12 31 20°05 9° 3360964. 3°4963342 : 
High Port Clift Se. an ‘% 20 26°92 9°5799151 3°7401529 


Oo 0°00 





At Dunnose the observed bearing (page 106) of Boniface Down is 3° 40’ 12”-69, which 
becomes, by applying the correction + 0”-92 (page 403), 3° 40° 13-61. The reading of the 
referring-object at Dunnose is 339° 12’ 19”-99; but on referring to the results of azimuthal 
observations, page 177, we find that the true azimuth of the referring-object is 339° 12’ 12”-59. 
All the readings, therefore, at Dunnose, as given at page-106, have to be corrected by the 
application of the quantity — 7”-40 to reduce them to the exact meridian. So that we have, © 


At Dunnose, azimuth of Boniface Down -- ++ +--+ 3 40 6-21 S.W. 
Angle: Week Down—Dunnose—Boniface Down +--+ 45 10 21:33 

.. At Dunnose, azimuth of Week Down-+--+-+---> 48 50 27-54 5.W. 
Angle: Boniface Down—Dunnose—Highport Cliff --- 12 31 20-05 
“. At Dunnose, azimuth of Highport Cliff. .-.-.-.-+-. 8 51 13-84 S.E. 


The distances being very small we may neglect the curvature of the surface in determining 
the meridional distances .of Dunnose—Boniface Down and Dunnose—Highport Cliff; we have 
therefore only to multiply. the distance by the cosine of the azimuth in order to get the mistanee 

ag. 
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of:the‘parallels.: ‘To convert this into seconds of are, it is almost immaterial. what. elements are 
used; the logarithm actually used is derivéd from the elements of the figure of the earth 
given by the Astronomer Royal in his treatise.in the Encyclopzedia Metropolitana. 


’ Dunnose— .. 
Week Down. 


_Dunnose— - 


.. Dunnose— 
Boniface Down. 


High Port Cliff. | 


Azimuth ., 
Log. cosine 
| Log. distance . 
| Tabular log. . 
1 Log. diff. Jat. . 
| Diff. Jat. 


340 6 


9°999109 
3° 740153 
7°994995 
1°733357 
54”° 12 


48 50 28 


9°818324 
4.°053569 
7°994995 
1*865988 


73° °45* 


8 51 q 
9°994794 
3°917343 
7°994995 
1°906232 

807° 58 





-+~ To obtain the true difference of latitude of Dunnose and Week Down, a small correction 
must be added to the quantity 73’’-45 just obtained, dependent upon the eee D, of: Week 
Down from the meridian of Dunnose; this correction is— te 
I 2 tan iG 
Pa Ot : 3(R) sin 1” 
R — the pits of. the earth, ce rn ‘the latitude. : T he amount: tof the correction is ++ 0’”-02.* 
The station’ Highport Cliff is not identical with the point (called Port’ Valley) at which the 
astronomical ;observations were made: the latter is 263 feet from the former, and i in a line 
between it and Boniface Down, S8.E. station. The azimuth of this line is 30° 22’; so that the 
meridian distance is 227 fect, and the difference of latitude 2”-24, which quantity i to be sub- 
tracted from the latitude, 50° 35’ 45’"-52, of Port Valley, to reduce it to the station at Highport 
Cliff. 


: 





Names. Latitudes, Ast. Amp. Geo. Amp. 
3 t°) 4d é di ff 
Dunnose . . 59 37 7°35 56°60 54°12 
Boniface Down .. | 50 36 10°55 | 
; | 75°73 | 73°47 
| Week Down r 50 35 51°42] | a: 
‘High Port Cliff 50 35 43°28 | °3°87 | 80°58 : 





Now let 2, x, z, x, be the disturbances-at these four.stations due to local attractions, then, 
ar 56-60 +, — &, = 54-12 
5B A Wp Hy = 73-47 
83:87 + &, — a, = 80-58 

Uy =U, + 2°48 

©, =, + 2°26 

L, = Ly + 3°29 


oe ee oe U2 + 2, +0, +02 = 2 + (@, + 348)? + | (aby “bt 2026)" (ar; + 3-29)? eee ee ae 
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and ae nee of: ye ua benders this function a minimum is determined by me —— 
| sie og: “tah 4% + 805 = 0 hte . Cee oe 
Me ee BO1 . i es 
Therefore the disturbances at the several ee as far as can be determined HOH thesé 
observations alone, are most probably as follows :— 


ff 


Dunnose - +--+ + + — 2-01 
Boniface ++ +++ - + 0-47 
Week Down + - + + + 0-25 
Highport Cliff. - - + 1-28 


ro. The agreement of this result as to the disturbance at.Dunnose. with that deduced 
(— 2”-56) from the original data of the are Dunnose to Clifton, corrected for the error’ in the 
geodetical ‘measure, is very satisfactory, and seems to prove that: there is a southern deflection 
at Dunnose to the amount of about 2”. It is also worthy of remark in this place, that :the 
correction assigned to the latitude of Dunnose by M. Bessel in his determination ‘of a — : 
of the earth (Astronomische Nachrichten, No. 438, page 11 5) is — 17-816. Lie, 

In deducing these results for the four stations in the Isle of Wight, the latitudes sad: are 
independent of the assumed declinations of the stars observed; they would have been almost 
exactly the same had we made use of the latitudes aeduced from aseOmSS declinations. 


ir A fact of the highest END oeane® Is also lies — out. We have seen aa at 
Dunnose there is probably a deflection of 2”-o1 to the south, and at Highport Cliffa deflection 
of 1-28 to the north, and that between the two stations the effect of.local' attraction alters -to 
the amount of 3-29, whilst the distance of the parallels of these stations is not:much more 
than a mile and a half. Therefore, if in the original operations the station at Highport Cliff had 
been used as the, southern terminus of the arc instead of Dunnose, the results deduced from 
that measure would have been very different. And in general it 1s unsafe to form any conclu- 
sion as to. the curvature of any entire arc merely from the observed latitudes of its extremities, 
for it cannot be said with any degree of certainty that there are not many intervening wregu- 
larities. To illustrate this, suppose A P B to be an elliptic curve passing through the terminal 
points A B of an arc, at any point P in this curve erect a perpendicular P Q proportional to 
the deflection (considered positive when the attractive force is to the north, and negative when 
the attractive force is to the south) at that point. The curve traced by the point Q will :inter- 
sect the elliptic curve A PB at all points at which there is no local disturbance, and will lie 
alternately above and below AP Q. By the observed latitudes at A and B we have the direc- 
tions of the tangents of this irregular curve at those points, and this is all. And if from these 
data we form a conclusion as to the general curvature of the actual surface between A and B, 


the 
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the probability to be attached to such a conclusion will correspond to thé probability there is in 
the assumption that the point Q does not trace any irregularities, but a continuous curve of 
slowly but evenly varying curvature. The fact that the country between A and B is free from 
all external causes of disturbance, could not legitimately be brought forward as an argument 
against the existence of irregularities, Such a conclusion would be unsupported by observation. 

By observing the latitude at a great many points between A and B we shall ascertain the 
directions of the tangents to the curve A Q B at the corresponding points, and thus we shall be 
able to determine some regular curve A P B which shall most nearly agree on the whole with 
the curve traced by Q. | 


12. The irregularities we have been considering, though doubtless in many cases they may 
be accounted for satisfactorily by the nature of the country around, must still be considered as 
probably intimately connected with the internal constitution of the earth, of which we know 
little or nothing with certainty. An important suggestion has been brought forward by the 
Astronomer Royal* relative to the probable effects of extensive mountain ranges in producing 
deflection of the plumb-line. It is as follows:— | 

The general regularity of the physical surface of the carth, the smallness of its elevations 
and depressions, and the exactness with which it can be represented by a spheroid of revolution, 
have induced most physicists to suppose either that the interior of the éarth is now fluid 
or that it was fluid when the mountains took the present forms. 

Of the probable thickness of the hard crust it would be unsafe to express an opinion, but, 
for the sake of fixing the ideas, suppose the earth a fluid mass covered with a solid crust 
10 miles thick. Now suppose a mass of mountain or table land 100 miles broad in its smaller 
horizontal dimension and 2 miles high throughout to be placed on the surface; will this mass 
be supported, or break through the crust and sink partly into the fluid? In the adjoining: 

a ae figure let abcd be part of the earth’s crust, eg f the table land, and 
suppose the rocks to be separated by vertical fissures, as indicated by 
the dotted lines, and conceive these fissures to be opened, as they would 
be by a sinking of the middle of the mass, the two halves turning upon their lower points of 
connection. with the rest of the crust. Let W.be the weight of a square mile of the rock and C 
the cohesion, or force necessary to separate a square mile. Then the cohesion at h = 10 C and 
at z.it.is 12 C, also the superincumbent weight of each half is 2.50 W; Renton considering 0 one 
half only, as eg, and taking the moments— 7 


. & 
aes ee Sel ee ees 
4b bh ot EZ ¢ 


10? C + 127C = 2-50? W 


eee 





ie Oe W 


or about twenty times the weight of a cubic mile of rock, so that the cohesion would have to be 
sufficient to support a hanging column of zo miles of rock. Had we supposed the thickness of 





_ * Philosophical Transactions, 1855, page [ror]. 
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the crust 100 miles we should have had, ceteris paribus, C =! W nearly. Even in this case the 
force of cohesion necessary is greater than can be supposed to exist, and therefore the table land 
will not be supported by the crust. , 
__ It appears, then, probable that such mountain masses must be accompanied with corre- 
a &— ~~#___a sponding solid depressions, as e’ /’, or indentations into the fluid, in 

| e $’ oz, order to preserve equilibrium. Now if we suppose a station at a, near 
a the table land ef there will be a disturbance northward owing to the. 
attraction of the superincumbent matter ef, but owing to the substitution of the lighter matter 
e’ f” for the denser fluid matter there will be a negative attraction northwards. .The diminution 
of attractive matter below will be sensibly equal to the increase of attractive matter above, and 
if the point a be not very near to ef there may be no disturbance at all; but if @ be close to 
the table land, and especially if the crust be anything like 100 miles thick, there will be a very 
sensible disturbance, but less than that which would be due to the attraction of the entire 
table land. | | 

‘The general conclusion, then, is this: In all cases the real disturbance will - oe Sa 
“ that found by computing the effects of the mountains on the law of gravitation. Near to the 
“ elevated country, the part which is to be subtracted from the computed effect is a small 
“ proportion of the whole. Ata distance from the elevated country the part which is to be 
“ subtracted is so nearly equal to the whole that the remainder may be neglected as insignificant, 
“ even in cases where the attraction of the elevated country itself would be considerable. But, 
“ in our ignorance of the depth at which the downward immersion of the projecting crust into 
“ the lava takes place, we cannot give greater precision to this statement. a 

“ Tn all the latter inferences it is supposed that the crust is floating in a state of = 
“ jibrium ; but, im our entire ignorance of the modus operandi of the forces which have raised - 
* submarine strata to the tops of high mountains, we cannot insist on this as absolutely true. 
‘“* We know (from the reasoning above) that it will be so to the limits of breakage of the table 
“ Jands, but within those limits there may be some range of the conditions either way. . It is 
““ quite as possible that the immersion of the lower projection in the lava may be too great, as 
“ that the elevation may be too great, and in the former of these cases the attraction on the 
¢ distant stations would be negative. . | 

‘“ Again reverting to the condition of breakage of the table lands as dominating through 
“‘ the whole of this reasoning, it will be seen that it does not apply in regard to such com- 
“ putations as that of the attraction of Schehallien and the like. It applies only to. the 
‘“* computation of the attractions of high tracts of very great horizontal extent, such as those to 
“* the north of India.” 


a 


13. This theory, which has great @ priori probability, receives strong corroboration ‘from 
the comparison of the observed effect of the Himalaya Mountains in distarbme the plumb-line 
at the northern terminus of the Indian are (Kaliana, in latitude 29° 30’ 48’). with the dis- 
turbance that would result from the apparent mass and extent of the mountains. - The observed 
effect of the attraction’ of the mountains is 5’. 236, or more probably 3: 343, as stated by 
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Colonel Everest at page clxxviil of his account of the Measurement of the Indian Arc; the 
exact amount, being dependent on the assumed elements of the figure of the earth and other 
circumstances, cannot be positively assigned. But the attraction of the apparent or super- 
incumbent mass of the Himalayas at that point is sufficient to produce a deflection of 27” -853, 
as —- ‘by. Archdeacon Pratt, of Calcutta.* 

-But'the theory does not seem to be borne ‘out in the case ‘of the Alps, where aieuthanoes 
have been observed of very large amount. 


14. The greatest discrepancy ever observed is that brought out by the arc of Beccaria, 
measured in Piedmont.. The terminal stations, Andrate and Mondovi, are situated at the 
foot of lofty mountain ranges, the mtervening country being flat. This measure gave: for 
the length of a degree 57,468 toises,—a quantity much larger than it should be, and corre- 
sponding ‘to .an error of more than 41” in the amplitude. In consequence of this anomaly, 
Laplace and other geometers resolved to make no use of the arc in the determination of the 
dimensions. of: the earth,.as it was very doubtful whether the observations of Beccaria were 
‘not erroneous. In order-to throw light on the matter, and to settle the question whether the 
discrepancy iwas due to the defective operations of Beccaria, or had a real existence resulting 
from the. attraction -of the mountains or the uneven distribution of density in the terrestrial 
strata, the: latitudes of Beccaria’s .stations at. Mondovi and. Andrate were re-observed by 
MM. Plana. and.-Carlini during:.their operations im that country in 1823. The observationst 
were made with-an 18-inch circle by ‘Troughton, and appear satisfactory; the latitudes of the 
terminal stations were found to be— 


ne, 7 he a Andrate «+06 45 31 12:36 
ee | Mondovi. ++.+++. 44 23 45-38 
: Amplitude a a ee I 7 26: -98 | 


This quantity is less than the amplitude assigned by Beccaria by 13”. The meoneueals con- 
nection. of these stations, which had been partly revised by the French Geographical Engineers 
in their operations in 1809 was now completed, and the length of the arc found to be 126394-6 
méetres, 38 métres greater ‘than obtained by Beccaria. The geodetical latitudes—that is, the 
latitudes. calculated on an assumed figure of the earth, and based on the observed latitude of 
Paris, ‘are— 5 bag | 





‘ ee Andrate oe eee eeve 45 31 40°45 
ye eG ; Mondovi «+ «.. 2 eee — 44 23 25°63 
Amplitude ...--- 1 8 14:82 


-which exceeds the ‘astronomical amplitude by 47”.84; sik a deflection 28.09 to the 
north at Andrate, and 19”-75 to the south at Mondovi. | 
a 
* “ On the Attraction of the Himalaya Mountains, and of the elevated Regions beyond them, upon the Plumb-line 
in India.” By the Venerable Joun Henry Pratt, M.A., Archdeacon of Calcutta. —Phil. Trans, 1855. 
Ras Opérations Géodésiques et Astronomiques pour la eae @un Are du Paralléle 1 Moyen. > “Tom. II. 
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If, external causes could suffice to explain these disturbances, they . would: naturally be 
sought in the existence of the chain of the Maritime Alps to the south, and of the chain..of ,the 
Graian Alps to the north. But it is possible, also, that-this. singular. phenomenon, may, be. 
partly produced by irregularities in the densities of the crust of the earth: There. is a, difficulty. 
in ascribing the whole amount ,of the discrepancy to the action of the superincumbent matter 
of the mountains, inasmuch as the geodetical and astronomical connections of the Observatories 
of Parma and Milan show a discrepancy of. 20” “4,” although these places are situated in a 
plain, and so remote from mountains that such a discrepancy could not be explained by 


their action. — . oe | 7 ee SS os eh Ge 


¥ . "yepé 
Sipe gee ae ve , 


§ IL 
On the Deflections produced by given Masses. 


15. Although the law of gravity, or of the attraction mutually exercised by all material 
particles, is in itself very simple, yet, when it is traced to its consequences, whether in the, 
form of motion or mere attraction, difficulties are encountered which, in’ the present — state “of 
analysis, cannot be rigorously overcome. It is only in the most simple cases that exact ‘results 
can be obtained; in all others, recourse must be. had to approximation. Fortunately, in all the 
important cases that arise in practice, in which it is necessary to trace the -effects :of.attraction,: 
the conditions of the problem are-such that the method of approximation can be applied.- 

When a particle is attracted by a body which’ subtends, at the particle, a very small angle, 
then, supposing there is no great disparity between the different dimensions of the attracting 
body, the ‘attraction will be sensibly the same as if the mass of the body were-condensed in its 
centre of gravity. We may generally get’a rough approximation to the true attraction ofa’ 
body by this rule, but the error will increase rapidly with the increase of.the angular magnitude 
of the body at the attracted particle. oe 

In order to calculate exactly the attraction of a mass—such as a mountain—at any given 
point, it is necessary to have the equation of the surface, together with the value of the density 
at any point #y zin the mass. It is therefore at once evident, that to calculate the attraction. 
~ exercised by masses of uneven ground upon the plumb-line 1s theoretically i impr acticable ; 
but as it is In no case necessary to know the precise amount of attraction, we may have 
recourse to methods of approximation, which may be carried to any degree of precision. that 
may be necessary. | : 


- 16. The deflection of the plumb-line ‘caused by a local attraction whose amount is A, is 
measured; iby the. ratio of A-to the attraction of the earth, or. the force of, grayity.T. it a be. | 





ae Opér: ‘Géod: et: “Asti: Tom. TL, page 348. . ~ an BS See 
{ The plumb-line is acted on by gravity Gin a vertical direction, and a by the disturbing force: A. acting in a. hori: 


A. 
zontal direction : the resultant of these forces = 4/ A? + G acts in a direction which makes the angle tan” * G A with | 


the direction of gravity. When A is very small in comparison ‘with G, this angle is identical with its tangent. 
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the latitude. of. the place of observation, p the mass of the earth, whose major and. minor semi- 
axes are a and J, « the ellipticity of the surface, and m the ratio of the centrifugal force. to: 
eravity at- the equator, the attraction of the earth is (see Airy’s Mathematical Tracts, 


PP: 167, 173)— 
BC ies in +(2m— 3 sin? a) 


=F (:-3m ey 


the values of m and «are 2 and + respectively. For the purpose of estimating the amount 
of disturbance caused by local attraction, it will be quite sufficient to use the principal term 
only, omitting the terms in mand«. If 8 be the mean density of the earth, » may be taken as 
the mass of a sphere whose radius= “ab and density = 6, consequently the attraction of 
the earth-- 

~ sce at Fl 

ng ae = *73(ab) | 

Therefore if we take 3956 miles as the mean radius - the earth, the deflection 4 caused by an 
attraction nA, will beR— _ 

3A 
ets 4ad-9956 
or, expressed in.seconds— 


A= 12! 449 (1) 


17. Let us now investigate the attraction exercised at a-given point by an elevated table 
land whose upper surface is tolerably even, and of which the form is nearly a rectangle. Let | 
the attracted point be taken as the origin, and let the attracting solid be bounded by 
the planes— 

Cma yoo z«=0 
ga—_d: y= b 2h 


so that the dimensions of dis parallelopiped are a’ — a, b,h. We shall also assume h to be’ 
small in’ comparison with aa’ and &. If¢ be the density (assumed uniform) of the solid, and 
zy z the co-ordinates of an element of the mass whose sides are dx dy dz, the attraction: 
exercised by this infinitely small mass at the origin is— 


e dx dy dz 
B+ yPtz? 


‘The force in the direction of the axis of x is equal to this quantity multiplied by the cosine 


of the angle contained by the direction of the element at the origin, and the axis of x; it is, 


therefore, equal to— 
| edz dy dz-x 
(at +o? + 2")! 
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Integrating from y = 0 to y = 6, we obtain the attraction in the direction of the axis of x 
of an elementary rod parallel to the axis of y; this attraction is— 
| 0 dy b x-dx dz 
d pea ear Ae Sem A nos 
g % dz- af (a? +7’ + zy ~ (x 4 27) (a? -- 5? 4- zy 


Summing ; in the direction of x we get the attraction of an elementary slice of the solid 
parallel to the plane of zy equal to— 


0 dz-b is de y Pa ae a a aa 
(a? + 2?) (2? + 0? + 27) 
The general integral is— 
(a? + 2?)% 
¢ dz log = +-(0? +. oo? |. 2?)t 


which taken from a to a’ is equal to— 
4427 64+ f 8 +a? +2 | 
dzlog { (‘ = itt} 2 
$ = (5) b+fh + a? + 2 | (2) 
Assuming 2 to be small in comparison with 4 and a and a’, we may neglect quantities 


of the order 2+; and therefore the quantity within the larger brackets becomes, if we put 
b= acot d = a’ cot 





2" 3 
a ie * cot ¢ + x/ cosee*s +5 








a” 
Zz 2 
I+ 3] cot ¢’ + 4/ cosec *$! ++ 
3 ae 
1+ 27) cot > + cosee > + $7, sin > 
I + 32 cot ¢/ -+ cosec ¢’ ++ 4 Zain o! 


Now we have— 


I + cos ¢ 


_ 1 
sin $ Che? 


cot} + cosec > = 


and therefore the above expression becomes— | 
cot L cot ig d ed sin? db 4e zt sin? oN _ ) ) 
cot 4 cots 4’ ( i a (pps + cos > -1)- i 1 + cos 9’ : 


_ cotd 2 & ¢" cos sa ) 
a’ a? 


~ cots ¢! rT So 


Therefore the attraction of the elementary slice parallel to the plane of & Yy Is— 


| on § Lot i¢ cos $’ os 05 2) i 
2 e dz lor lotr (+E cae )) 
in which quantities of the order zt have been omitted. Since log cr +u)=4 when wis a 
small quantity, the above expression becomes— : 


cot 4 cos 
edeloet coreg S tie gds {ee | met 














4.D 
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Integrating from z = 0 to z = Ah, we have the attraction of the whole mass equal to— 


cot i I / : : 
ghlog {eh 4 Zeus {ae - (3) 











cot 3 > 


A a: 


18, By the application of this expression we may find the 
| components of the attraction of a table land upon any point. 
Let ABCD be the rectangular mass of height A, which is small 
in comparison with PE. Let PE=a, PF = a’, EC = 6,EA=J, 
/ so that’ the dimensions of the rectampler, are a’ — a and b’ + b. 
iF Let the ene 
:  PCE=9o PAE =@ 

PDF = 4’ PBF = @’ 





St 

then the attraction in the direction PE-is— _ 

, cot 3 1@ cot 4 cot $8 cot 4.9. : ie cos 6’ + G08 ¢’ cosd + cos ¢ 
gh} log B cota O cot h a alt. 7 . a? )} 


and the attraction In the direction perpendicular to PE is— 
a oe L ; jh? s . , i s * . / rare * ; . 
‘ h4 log cot (45 ~ 46) cot(45 —43¢’) ope age # —sin@ sind’ — sin S) : 


S cot (ag — 4 O) cot 45 — $6) i b 


The corresponding deflections* cr in seconds are’by equation (1)— 


at Bids yee cott6 cot} o fh? (cos ’ + cos 9’ _ cos 8 + cos ¢ 1 
by, = 12/449 ; h | log cot h cot k LO cote o + 7 (eee a” uae ai ) 4) 
Pras eur Q » Lot (45 ae 6) cot (45 — 4 0’) We ‘sin 6’.— sin @ _ sin ¢’ — sin ¢ \ | 
Vy = 12 447 5 h { log cot tac — (46 = n 6’) cot (45 = 4 $ ) + 6 ( hi? es ) 


If the deflection in any particular direction as PS be required, then if SPE = a, the 
required deflection W is— | 
p= ,cose¢ + sina | 
The absolute amount of deflection is /V + V%, and the direction in which it takes place 
is determined by the angle whose tangent.is the fraction:  ~  ° - 





* These may bo put in the following form’: If x and y be the ‘co-ordinates of P measured from the centre of the 
rectangle parallel to BA, AC respectively, the deflections will be— 


a J i+ (254) | rf 4 (SEH) 
eT oe ED 
r+/t / + (eet) rt J 1+ (222) | 
tis (CRY a / e+ ES) 


in which 2a and 28 are the sides of the rectangle AB, BD. 











¥, = 12""447 £ hlog 











Y= 12""447 fhlog 
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19. Let us now ascertain the actual amount of disturbance that would be caused by a given 
mass. Suppose a table land whose form is a rectangle of twelve miles by eight miles, having 
a mean height of 500 feet, and being of half the density of the earth; and let the observer be 
at a poifit two miles distant (perpéidicularly) from the middle’ point of the longer side. 

In applying the formula the height # must be expressed in miles, as that is the linear unit 


used in. obtaining the equation (1); ; and if » be the modulus: of the common oem of 
logarithms, we shall have— | 





2 50. I . (22 4 $ 
‘gatio” pw 2 \eot bo” 

| py’ = 0 

The term in h? may be neglected, as is easily seen, and the angles $ and $’, which may - 
be found by construction, are about 18° 30! and 59° 0... Hence the numerical value of the 
deflection due to the mass is—~ ~ is 


wy, —_— 126444 » 


= i". 472 
wer we nae nearer the mass the deflection increases, being a! 20 at the distance of 


one mile. Had the height been a thousand feet instead of five hundred, the term in A? might 
still have been omitted without materially affecting the result. 


z . 


he 


zo. The attraction of a prism of indefinite length, whose section is a trapezoid, upon a 
point in the plane of one of the parallel faces, admits of a simple expression, from which we 
may obtain the deflection that would be caused by a rectilinear range of mountains of a some- 
what regular section, at a point in the plane of the base. 


‘Let the attracted point be taken as the origin of co- oEaIaes and. let the prism | ee con- 
tained by the planes— 


ZmO0: z=h 
rmateaz , werz=ad+a'z 


then the attraction of the prism, ¢ being its density, is— 


SSS CFE 


ea aL z=a+teaztoad + a! 2; and 2 = 0 to z= he 
w du dz 
wae lf sae . 
g f dz | log (# - (a’ + a! zy) — log (# + (@+ a z)*) } 


es ore z+ (a! + a! 2) d 2 + (a + @’ zp 
eb (a eG ay “++ a 2)? a Laas +a zy 


: ee hoy or wN\a /3 
=: zlor 7 tt (@ + # 2) 2? bt a ale e+raaz 
| . °S 27 + (a +2 zt 78 z* + (a! + a! z) ae ay 2 eae 














= gz z log FreHS oe a clog (22 + ag + a! ar) tan7? (224 +0)] 
gia? ue en Os 18 umf phe ay 
DOD OPE Ne ee 2 (« +(@ +a a) — = _ its Cheer bali 


4D 2 


~~ 
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Now put w= 2?-+ (¢ +az)? and v*=2?-+(a’+«'z)?; then the definite integral 
will be— 


rs gia ¢ aC yi (w ) 4 I a! an-* (5.5) ae tan-* (7 “ i) (5) 


which is the value of the attraction required. 
This expression is much simplified by the consideration of the adjoining figure, which is 
a section of the prism passing through the attracted point O. 





. 4 If HB, H’B’ are perpendicular to OAA’, we have— 
savin Lsmeamecntoet HB = = HB 
A B Br Af 


OA =a OA’ = a’ 
OB=a+eah OB’ =a’ + ah 
OH=/FP@tah OW= (RP @ 4a hy 
If therefore we suppose OH and OH’ to be joined, and put < HAB= #6, H’A’B’ = 9%, 
HOB = 4, H’OB’ = 9’ 


A=e | (ou (ea! (28): ‘t + 2 ef a’ 4 sin 76’ — a¢ sin 76 } (6) 
a O coincide with the foot of the range— 


= ene (BE) AR) + age rane 


If the section of the range be a triangle, so that H and H’ coincide and $6= 4’, the 
attraction at any point, O, is— 


a’ sina asin 26 
/ 
etog 4 (SA! . as) . I + 20 4a’ sin’ — asin } (7) 
If the section be an isosceles triangle, the attraction at O is— 
a’ sin 28 
OA’ 2 / 
elog . { (on) : (32) . + 2e sin 76 (AA’) (8) 


From these expressions we may ascertain the disturbances existing in the vicinity of a range 
of mountains. It is true that in no case can the formule be supposed to give exact results, but 
they will serve, as in the following hypothetical cases, to give a general idea of the amount of 
deviation. We shall suppose the matter of which the disturbmg mass is composed to have 
a density equal to half the mean density of the earth ; and in the first case suppose a range of 
indefinite length, whose mean height is a tenth of a mile, or 528 feet, and breadth at base four- 
teen miles. Suppose, also, that the slope of the range on either side is th (or tan -'2). The 
deflection produced by such a mass at a station at the foot of one of the slopes would be 3”’-6. 
At the distance of one mile from this point the deflection is diminished to 2”-5, and at five 
miles is equal to 1-3. 

If we suppose a range whose mean height is a third of a mile, or 1760 feet, having equal 
slopes of 4, and a breadth at base of fifteen miles, such a mass would produce a deflection of 
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7’-g at a point situated at the foot of one of its slopes. If we remove the station from the 
foot of the range to a distance of five miles, the deflection at that point would be gi an, 

As a third instance, suppose a. range whose section is triangular, the height of the ridge 
being eight-tenths of a mile, or 4224 feet, the breadth of the base fifteen miles, and the slopes 
XS and+. The deflection produced by this mass on a point at its base would be 12”-0; at a 
distance of five miles the effect would be diminished by about one half, at ten miles the deflec- 
tion would be 4’’-2, and at fifteen miles would be diminished to 3”-2.* 


21. Hitherto we have neglected the geometrical consideration of the curvature of the earth’s 
surface as affecting deflection. This, indeed, may generally be done with safety, even in the case 
of a range of mountains when their breadth and the distance of the observer are small compared 
with the dimensions of the earth. But if it be required to ascertain the disturbing effect of a 
large’ tract of country of considerable elevation, the curvature of the surface should not be 
neglected. Its influence may be determined as follows : 





* The attraction of a mountain whose form is that of a solid of revolution can be obtained only by series. 
Let the co-ordinates originate at the attracted point, the plane of ay coinciding with the surface of the earth, and 
let x = a, y = 0 be the equation of the axis of the solid which is perpendicular to the plane of zy. The attraction 
of an clementary slice of the solid contained between the horizontal planes z and z + dz respectively is— 


oe dy dy 
hee | (A? — cant — Lams 
where 7 is the radius of the circular plate 2? = @? + r? + 23, w= 1? —y’. By the binomial theorem this expres- 
sion is transformed to— 
2pdz ft g UBS. GE— 3D), (2) = 
k fs V2.9 sca (204) hk? dy 
where 7 takes the successive values 1234... .3 but we have— 


" ay aaa 2% 1.305 ceeee (2% — 1) 
f BD OYE Tae eaueie (a) © 


r 





Substituting this in the expression for the attraction of the circular plate, and integrating with respect to z, we 
have the attraction of the mass equal to— 


vp ff Tis Gi» (Sf)r a 
a ay rere (2t— 2)? \ # ; 


where r is a function of z, and is determined and expressed by the equation of the attracting surface. 
If the mass be a paraboloid, the radius of the base = 5 and height = A, the attraction is— 


Bice = ) 4 
Masti +2 aoe 24.57 }3 +- 16h 4 reo} 
@ 4a 128 at 

Supposo 4 = 2640 feet, b= 2 milo and a half; at tho distance of.a milo and a half from the foot of such a 
mountain its attraction would produce a deflection of 1”.303 at. five miles the deflection would be only a quarter of 
a second. : 








582. a 7 PRINCIPAL. TRIANGULATION. * 


In - dh see diagram let C be the centre of the earth, A the station at which-the 
A. 7 T attraction is required, AN the meridian of A, AP any other great circle 
passing through A in azimuth «, so that NAP = a, and AT a tangent 
to the great circle AN. Let ACP = 4; then if we consider « and 4 as 
w the co-ordinates of P, the element of the surface at P will be the rectangle 
y dj-rsin§da; and if h be the height of the actual surface of the 
sround at P, the element of the volume of the superincumbent matter 
at P is h2sin 6 dé de. Consequently the attraction prounce by this 
pasar at A in the direction AP is— 
| ehr sin 6 dé da 
477 sin? 4 0 
which resolved in the direction AT is— 


ehsin 6 dé dz 
4.sin? 4 @ 








ea Oe = es pede 


| asin g 


From this expression we may easily find the attraction of a portion of the surface contained 
between two vertical planes passing through Ain azimuths @, and « and‘ two small circles 
having the centre A and radii 6, and 6’, supposing the surface to have an even _— and equal 
toh; the attraction i in question is— . 


os. >a! cos? $ é 

So — cose . dO dz 
tan 1 @’ Lo 19g 

Samt0 — cos 4 6,) (9) 

- When @ amounts to no more than three or four degrees, we may without fear of error omit 


the higher powers of 8; the corresponding deflection will therefore be, supposing the mean 
density of the attracting mass to be half tliat of the earth— | 





= eh (sina’ — sin «,) (10 


/ 
6.2.23 h(sina’ — sin a,) log % 7 ee RS ia 
/ 


22. We shall now apply this formula to the station Tawnaghmore, on the north coast of 
Mayo in Ireland: If through this station we draw on a map of Ireland a line in a north-east 
direction making an angle of 75° with the north meridian line, and another line due south, and 
describe two circles round the station as a centre whose radii are respectively 10’ and 2° 30”; 
these four lines so drawn will inclose a space which may be taken as equivalent in attraction to 
the mass of Ireland, supposing the space to be filled up with rock to the height of the mean 
level of Ireland. Now in Ireland there are 13,243 square miles of country whose height is 
between o and 250 feet, 11,797 square miles whose height is between 250 and 500 feet, 5798 
square miles whose height is between 500 and 1000 feet, and 82 square miles whose height is 
above 2000. J'rom these numbers we may infer that the mean level of Ireland is 400 feet. 
But the part‘of Ireland which is more immediately south-west of this station does not attain to 
the mean level of the country. ‘The mean height of Sligo, Mayo, and Roscommon is 320 feet; 
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we shall therefore use this quantity instead of 400 feet.as.the mean height of the disturbing 
mass. Consequently the deflection. caused by this mass at Tawnaghmore is— 


~ 6roang (320 ;) sin 75° log. 15 


or 0-984 south. We have here neglected the local attraction oe to the form of the hue 
within ten or twelve miles of the ‘station, as that requires more exact data, and will be 
subsequently considered. Similarly it might be shown that at the south end of the Lough 
Foyle Base the deflection due to the mass of Ireland is nearly’ two seconds, neglecting the 
consideration of the purely local- attraction. 

There is another consideration that- must not be overlooked, which is, that the mean 
density of the sea being less than that of rock, the above effects should be increased; but as 
the amount depends upon the mean depth of the sea, it cannot in general be very exactly 
ascertained. ‘The deflection due. to. this cause will ere be considerably smaller than that 
due to the land. 


23. We now proceed to consider the method by which the local attraction due to the form 


of the ground in the immediate-vicinity of a station isto be calculated. As it is impossible to 


find an expression for the surface of the ground, the method that naturally suggests itself is the 
division of the attracting mass into a large number of parts, of each of which the attraction 
resolved in a.certain direction is to be obtained, and thence the sum of all the partial attractions, 
or the total attraction, or resultant. The case of the computation will materially depend upon 
the method or law according to which the attracting mass is divided. The method. adopted in 
the calculation of the attraction of the mountain Schehallien by Dr. Hutton is perhaps the 
most simple and expeditious that could be devised. It is as follows: Having a map showing 
the nature of the ground, its elevations and depressions, or contours, for some distance round 
the given station in every direction, draw through the centre of the station a series of radial 
lines, and describe a series of concentric circles, having the station as their common centre. 


‘The ground is thus divided into a number of compartments, whose separate attractions are 
easily obtained; but before stating the law according to which. the circles and radii are to be 


drawn, we shall investigate an expression for the attraction of the prism of matter standing over 


‘any one of these compartments. 


Let a horizontal plane be supposed to pass through the given station, and_let this aint be 


taken as the origin of co-ordinates rato any point in ‘that’ plane, and let z be the vertical 
‘co-ordinate ; “let-also @ = o correspond to the north meridian line. Let it be required to find 


the attraction of a mass contained between the horizontal planes z = 0, z = h, the two 
vertical planes « = a,, a = a’, and the two cylindrical surfaces r = 7,,7 = 7’, The volume 


of an indefinitely sihall seniene of the attracting mass being r:da-dr-dz’, if ¢ be its‘ detisity’ the 


corresponding attraction at the origin. is— 
ee Se o r-da dr de oo ae 
a See ee an ee ae a ce a fe a a 
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and therefore the attraction of the mass in the direction of the meridian is equal to— 
™ cosa dadrdz 
: JS S. JS Gtr (FEey 2) 
the limits of z being o and h; of a, a, and a’; ofr, x, and 77— 


ry? dr dz 
= e(sine’ — sin fl from + ay 

hdr 
= ¢ (sine — sin St aR + 
yt fr? + fh? 
rt re +h 
If we expand the logarithm, this expression becomes— 


, ae / eas a, ee Se, eee 
e-(r r,) (sin a sin «,) aie | i (1 + 24 (7? + hyp -}- ) 


in which r= 34 (7 +7,). Therefore taking 7’ — 7, sufficiently small In comparison with 
r’ +r we have, putting A for the attraction— 


A =e (7 —7) (sine — sine 


= eh(sina«’ — sin e,) log, 


(11) 


h 
) V7 Te (12) 
This expression suggests immediately a law of division, for if we make the successive radii 
of the concentric circles drawn round the station to have a common difference, and also draw the 
radial lines so that the sines of their azimuths shall be in arithmetical progression, then the 
attraction of any part of the mass is = (constant) (sine elevation), because the last factor of 
the above expression for A is the sine of the elevation of the middle point of the upper surface 
of any compartment as seen at the origin or given station, supposing the uneven surface of that 
compartment to be smoothed down to an even surface or mean level. The whole calculation 
therefore requires merely the sum of the sines of the elevations of the different compartments. 
Unless the ground be very: steep it will be unnecessary to retain h?, so that in this case we 
may take— 
A =o (7 —7,) (sine’ — sin 2) = (13) 


24. Let (r) and (s) stand for the common difference of the radii and sines of the azimuths ; 
let 7, be the radius of the n circle, H,, the sum of the heights of all the compartments on the 
north side of the station between the nm and (n + 1) circles, H’,, being the corresponding 
quantity for the south side of the station; then since 4 (7, + r44,) = 2 (7) + 3 (r), we have— 

H, — H’, 
=¢(s)=- "a 
Consequently if ! be the deflection— , 
er , H, — H’, (14) 
) = 24". 894% () = Ts 


where 8 is the mean density of the earth: H and H’ are to be expressed in miles. 
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There is another law of division which may be used when i? may be neglected, for in this 
case we have— 7 
A= gen etn a,) 08 -h 


If therefore the radii of the je be in ceorcaeal progression and the sines of the azimuths 
be in arithmetical progression, the total deflection will be— 


ie ee : (s) (r) (a = HW’) ee So (15) 


where (7) is the Napierian logarithm of the ratio of the geometrical series in which the radii 
of the concentric circles are drawn, H the sum of the mean heights of all the compartments on 
the north side, H’ the sum of the mean heights of all the compartments on the south side. 


Of the Disturbance produced by a Mass of great Density and compact Form, situated at a short 
Distance below the Surface. - 


25. The mathematical surface of the earth being at every point perpendicular to the 
actual direction of gravity at that point, every disturbance of the direction of gravity must be 
accompanied with an inclination of the mathematical surface at that point to the mean surface. 
Thus every mountain or series of mountains produces necessarily a wave on the mathematical 
surface of the carth, and the same effect is also produced by irregularities in the density of 
the matter below the actual surface of the carth. Suppose, for instance, a mass of very dense 
matter to exist at a certain place ata small distance under the surface of the earth, and, for 
the sake of illustration, suppose the position of the disturbing mass to be covered by a large 
lake, then it is clear that the attraction of the dense mass would have the effect of collecting 
the water towards a point vertically over the centre of the attracting mass where it would 
accumulate in a permanent wave. The magnitude of the wave will of course be a function of 
the magnitude and depth of the disturbing mass, and if the latter be given the nature and 
details of the former can be concluded. 

Theoretically therefore, as the matter of the crust of the earth is not of an even density, 
and the actual surface is everywhere uneven, the mathematical surface of the earth must be a 
continued series of waves. ‘This is evident ¢ priori, but it remains for observation and calcula- 
tion to ascertain whether these waves are of sufficient magnitude to be detected. 


_ 26. The effect of a small and very. dense mass below the surface of the earth in pro- 
ducing an irrecularity in the mathematical surface i in the neighbourhood may be thus investi- 
gated. Suppose the earth a sphere of a radius = a, and let ah be the depth of the centre of 
the disturbing mass, and put 1 — k=. Let M be the disturbing mass, and P any point of 
the earth’s surface, its distance from the centre of the carth being = 7, and let the angle sub- 
tended by M and P at the centre of the earth be put = 6. We shall suppose the disturbing 
force to be so small in comparison with the ‘attraction of the earth that its square may be 

4 
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neglected, consequently in estimating the effect of the disturbing force at P we may neglect 
r —a, or the height of P above the undisturbed surface, and put— 
PM? = a? (1 + 2? — ah cos 0) 

Also if > be the angle contained at P between PM the direction of the disturbing mass, 

and the vertical— 
PM sin 6 = aksin@ - 
Hence if we put M for the disturbing mass, its attraction at P resolved horizontally is— 
M £ sin 4 
a? (1 + #? — 2h cos 6) 

The ratio of this force to the attraction of the earth will give the angle through which 
the direction of gravity is displaced by the action of the disturbing force. Now if » be the 
ratio of the disturbimg mass to the mass of the earth, the attraction of the earth will be 


expressed by— re 


be a? 
hence the angular displacement of the direction of gravity is— 
wk sin 6 
(1 +? — 2kcos 0) | 
The mathematical surface is always perpendicular to the actual direction of gravity ; 
hence 7, 6 being the polar co-ordinates of the curve formed by the intersection of this surface, 
with a plane passing through M and the centre of the earth, we have— 


dr —phksiné 
rdi~ (1 +i? — 2k cos 6) 
acioeq — wk sin 6 dé 


(+ h? — 2keos 6) 
TR cere 
pees log 5 = (1 + 2? — 2k cos 4) + C 
As the square of » is neglected, so also may the square of r — a; thus the equation of the 
curve becomes— 


imi 1+GEE Ser, +c} (16) 
C being a constant, which is necessarily of the order of the disturbing force: this constant is 
quite arbitrary, as there are an infinity of surfaces perpendicular to gravity. But if we take 
for the mathematical surface of the earth the surface of the sea, or still water connected with 
the sea, then we may determine the constant by the assumption that the volume of the 
surface generated by the curve (16) is equal to the volume of the sphere whose radius is a. 
Now the first is equal to— 
2, 


f 73 sin 0d = Sra ffx +304 GEE ahaoy pin ede 
a {a(x + 30) + 6uh 


. 
3 


i 
4 
i | 
a 
| 
| 
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and since this is equal to - 7.a3 we have C = — yu: hence (16) becomes by putting y = 7 — a, 


: | 

y= and paket Th (17) 

The greatest value of the elevation y of the disturbed surface is that vertically over the 
disturbing mass, or corresponding to § = 0, where its value is— 


I1—h 
nee kh 





or, as we are considering only small depths A, and y is a small quantity— 
ap. 


The deflection of the plumb-line due to the disturbance of the mass at any distance 6 is— 
_ pksin 6 | 
= (1 +? ~ 2kcos 6)} (19) 


Or since the effect of the disturbing force is only sensible at a distance which is small com- 
pared with a, we may neglect higher powers of @ than the square; thus— 
6 
Vie (2 z 6) (20) 
When § = o the deflection is zero: as 4 increases, the deflection increases up to a certain 
point, and afterwards diminishes indefinitely. The value of 6, which corresponds to the maximum 
deflection, is obtained by making— 
| dy i? — 2,6 
dé * T+ oy = ° 
and. therefore the maximum deflection takes place at a point whose distance from the radius 
of the earth passing through the disturbing mass is to the depth of the disturbing mass as 
1:72. The maximum is of the deflection is— 


ees a (21) 


27. We now proceed to show, that although a disturbing mass below the surface may be 
sufficient to produce a very large deflection, yet the actual height of the wave in the mathe- 
matical surface produced by its action is quite inconsiderable as regards the figure of the earth. 
If we suppose ¥, the maximum deflection, to be expressed in seconds, m the depth of the 
disturbing mass expressed in miles, 2 the ratio of the volume of the disturbing mass to that of 
the earth; then if the excess of the density of the disturbing mass above that of the surrounding 
matter be equal to half the mean density of the earth— | 


ee a) 
180-6060 373\ m 
.. ow v3 7 mM? 
Beaene (120005 
The volume of the disturbing mass is Siete to the volume of a sphere a mile in diameter as, 
nw m? 9V3 


- 4 2 
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If we compare y, the greatest height of the wave expressed in feet, with y, the greatest 
deflection expressed in seconds— 
a 8V3aK"m _ ira ¥m 
> + 2°180:60:60 ~ 300/3 

Suppose now the disturbing mass to be a sphere of a mile in diameter, the excess of its 
density above that of the surrounding country being equal to half the density of the earth, and 


suppose the depth of its centre to be half a mile, then— 


gs OY 3%. ah, 

ee a 96 
— 99. — = 

Y= = Z nearly 


so that although the deflection would amount at the maximum to very nearly five seconds, yet 
the actual vertical magnitude of the wave would be only two inches. 
If we had supposed the centre of the mass to be at the depth of three quarters of a mile, 
the result would have been— | 
, vy = 4¥3 


= SI = 2020 
a 
y= oe = 5. nearly 


We may from these calculations draw this Important conclusion,—that a large observed 
amount of deflection may arise from, or rather accompany, an irregularity of the surface of the 
earth whose actual magnitude, as regards height at least, is of an extremely minute order. 


28. The above calculations are necessarily only roughly approximative, since the form of 
the mass is assumed such that its attraction upon any given point is nearly the same as if the 
whole mass were collected into one point at its centre. The general deduction will, however, 
remain true. | 

Let us now examine the effect of the disturbing mass upon the curvature of the surface. 
The equation of a principal section of the wave we have seen to be-— 


r= 3 + const, 


pa 
a+ TF EB) 
and if r be the radius of curvature of this curve— 
dr? \i 
(+ Fp) 


ay Dr 


R= 
r +0(& ~ 1 6 


d@ 
but since we may neglect the square of the disturbing foree— 
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Here we may also neglect r — a, and therefore— 
ee a «- : . 
“ h? — 2. (22) 
I ah ad (ie re 6)! 
The radius of curvature will therefore be a maximum or minimum according as (h? — 2 6) 
(A? + &)-* is a minimum ora maximum. The differential coefficient of this quantity is— 
(—30(28 — 3h?) 
(1? + @7)5 
and therefore the maximum and minimum of the radius of curvature correspons to 6? = 3 h? and 
6=0; hence— y 


= O. 


pote ee 
B8Y2  B 
~ 9575 hi 


a 


Maximum of gk = 





Minimum of r = 
7 ra 
I ans 
+r hs 


Or expressing ~ in terms of ¥ the greatest deflection, the greatest and least values are— 





: and ———2—___— 
25V5 h 2 h 
The difference of these values is— 
1 
3° ian di A a 


Y 
I Fb 2:072 5 + eee: 


If we suppose y to be expressed in seconds and the depth m in miles, then the difference in 
miles between the maximum and minimum radii of curvature is— 


24% 
ae 





2 + 
I -+- 0-040 = 


The inference from this formula is very remarkable, for if we suppose a disturbing mass to 
be placed at one mile below the surface, then the difference between the preatest and least 
radii of curvature of the disturbed mathematical surface will be proportional to the maximum 
deflection, and at the rate of 240 miles per second. 

The curvature of the mathematical surface of the earth is therefore affected to a very con- 
siderable amount by a disturbing mass of no very great dimensions below the surface; and 
consequently if the existence of such disturbing masses be admitted, it will follow that if the 
curvature of the surface could be determined at many poinds of the carth, such curvatures would. 
exhibit very great discrepancics. 


29. Let us now inquire whether the disturbing mass which produces a sensible amount of 
deviation in the plumb-line can also sensibly affect the rate of the seconds pendulum. If L be 
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the length of the pendulum, g the force of gravity, 2 the number of vibrations in twenty-four 
hours— ee | 
2 = | 400 g 
7 = ey L 
de _ dy 
2 g | 
Now the vertical component of the disturbing force at the distance a4 from the point of the 
surface directly over the mass M is— _ 
L ft 
a (A? + 6)! 
Also g = a therefore if vy be the number of seconds the pendulum is accelerated— 
re Le wh 
n= (BO or, v = 12-60-60 Ge + 6) (23) 
The disturbance is a maximum for 6 =o, or when the pendulum is just over the 
disturbing mass, the amount of the greatest acceleration is— 


= dg 








N = 12-60: 60 7 (24) 
the greatest deflection ¥ in seconds is oe a by es caer ae 
“ey N TVR 
Fath (25) 


The number of seconds of time which the pendulum is accelerated is therefore, at the maximum, 
about half the number of seconds of arc in the maximum deviation of the plumb-line. 


30. Instead, however, of comparing the maximum effects we may compare the mean effects 
in the following manner. Suppose P that point of the surface of the earth which is vertically 
over M the disturbing mass, and with the centre P and any radius bd describe a circle on the 
surface; draw also a meridian line through P. Let 7 be the distance of any point of the surface 
within this circle from P, @ its azimuth, and / the meridional component of the deflection at 
that point, In (20) put 6 = A tan w, then - expressed in seconds is— 


== 


where N = 12- 60. 60+. Now the mean aie of / within the distance 4 of P is— 


Af [ura de 


the limits of « being o and 4 +;-of 7, o and 3, But r = ah tan u rdr=eh? snu 
sec 4u-du; consequently the mean value of W is— 


60 Na? sin 74 
a? 6? a COS u 7 008 & du da 
60 N a? F 

= 57 3 rar dy, ( — COS z «| 


— —— (log cot (45 - 5) — sin u) oo ' 7 (26) 





sIn % COS 24 CoS a . 
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which is the mean value of the meridional component of the deflection within a distance 


6 = ah tan u of P. 
Similarly we may obtain the mean value o of the acceleration of the pendulum within the 


same limits. By (23) we have— 


yo N C0832: 
hh} 
And the mean value of v is therefore—’ 


BSS, sind de 
1 


= 2h (1 — cos 2) 








Hence the ratio of the mean value of W to the mean value of » within any given distance of the | 
disturbing mass is— 
log, cot (45 —~)\—sinu : : | 

Se COL 45 2, ) bn (27) 


7 I~ cos uz . 











Ratio; b Ratio: | - Gees 2 Ratio: |. 
u 
Mean y- Depth Mean ¥ Depth Mean y 
Mean v of M Mean v of M Mean v 
being = 1. being = 1. 





0°58 112 -| 60. 1°73 2°94. 
0°84 1°56 70 2°75 3°68 
I°Ig 2°08 80 5°67 5°34 








Of the Disturbance produced by a Mass of great Density and elongated Horm, situated at a short 
Distance below the Surface. 


31. In the preceding case we have supposed the disturbing mass to be of such a form that. 
we might, without much altering its effect, replace it by a massive point at a certain depth 
below the surface. But the results will be different if the disturbing mass be a long prism or 
cylinder of dense matter ; for this reason, that the attraction of a material point acts inversely as 
the square of the distance of the attracted point, whereas the attraction of a small prism or 
cylinder of indefinite length upon an external point is inversely as the distance and not the 
square of the distance. This circumstance is easily explained by considering, that as the point 
attracted moves away from the cylinder the more distant parts of the cylinder, beginning to act 
less obliquely, have a greater effect, and therefore the diminution of attraction is not so rapid 
as in the case of an attracting material point ot sphere. 
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The attraction of a cylindrical shell of indefinite length whose density is ¢, radius 7, and 
thickness dr, upon a point whose distance from the centre of the cylinder is &, is— 
1 
er, f° akh(k —rcos6) db 
hk ‘id 2 ? 4-77 —2hrcos@ 
nao. 
~ er 


The attraction of the whole cylinder of density ¢ is therefore— 
= ne : (28) 
Let us apply this to the determination of the wave that would result from a long range of 
very dense matter under and parallel to the surface of the earth. Lect, as before, a be the radius 
of the earth, 7 the distance of any point P in the curve formed by the intersection with the 
mathematical surface, of a vertical plane perpendicular to the axis M of the disturbing mass from 
the centre of the earth. Then @ being the angle subtended by MP at the centre of the earth, 
and / the ratio of the depth of A to the radius a of the earth, the attraction of the disturbing 
mass at P is— 





' 2% @ 
a(h? + 6°)3 
where ¢ is the radius of the section of the disturbing mass and ¢ the excess of its density above 
that of the surrounding matter. This attraction resolved horizontally is— 
| 200% 
a (h? + @) 
The attraction of the earth being 4 7 a 9, the deflection is— — 
_ dr __ 3 a 26 
ok i EO (29) 








7+ 4) + C 


If we Rap OSS that at the distance 6 = ,7 = a, then— 


a OC gcd a0, | 
48a’ °S a + @ (30) 


which is the equation of a transverse section of the wave. 








The maximum value of the deflection takes place when , is a maximum, that i Is, when 


§6=h; the greatest deflection is therefore— 


zm + 03 





: is 
40a7 h 

We may express ¥ in seconds, and put-m for the actual depth of A in miles, ¢ > being 
also expressed in miles ; then— 





vn 3,8 162 

4.8 Mm 

= e.c? 

=e 7 oem (31) 
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If y be the height of any point of the wave surface above the undisturbed surface, g' the 


maximum value of -y¥— 
: 3 2 
pet td 380), 2 + 6 














at+y 4¢a °° 
pares 2 3 3 
ad pone a per 
a 4.% a? h? 
G2 
j- — y = ah log (1 -- =) | (32) 


If 6 be large compared with h— 


I~ y= 2 ah¥ log © 


32. If the excess of the density of the disturbing mass above that of the adjacent matter 
be equal to half the mean density of the earth, and g — y be expressed in feet—- 


Nl c? 
Yo 19 eo 


2\4 
g—-—y= clog (x 4. -.) » approximately. 


Suppose c = 4, m = 1, then the greatest deflection = 4”-8, and— 
: Atiomiles g — y = 0°58 feet. 
At 20 miles g — y = 0-75 feet. 
. At 30 miles g — y = 0:85 feet. 
In this case therefore, also, a very large deviation of the plumb-line may be due to an 
irregularity of the surface of which the magnitude is small compared with the dimensions of 
the earth. 


33. Let us now examine the curvature of this wave. Returning to the equation of the 
curve, we have— 








dr 300 8 
do “98a h* + 6 
— a 0 Av 6 
in Oe 
Cr Re h? — @ 
de "OE OP 


If rn be the radius of curvature— 


Dem 


T 

I dr 
[c— = 
r 


" dé? 
omitting the square of a we may also omit r — a in this expression ; then— 
r= a | ( ) 
~ h? — 6 33 
I+2hy (4 Oy 


4F 
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This will be a maximum or minimum according as— 
h? — @ 
(1? + &) 
is 2 minimum or a maximum: the differential coefficient of this is — 2 6 (3 h? — 6?) (h? + 6?) 3, 
therefore the values required correspond to 6? = 3 fh? and to 8 = 0, so that— 





Maximum rn = = 
V 
i~=— 4h 
Minimum R = : 
I+ av 
h. 
The difference of these values is— 
at 
4h . 
Zz * at ) 
ner ay ae € 


or if ¥ be expressed in seconds, and m be the depth in miles of the centre of the disturbing 
range of matter, the difference of the greatest and least radii of curvature is, in miles— 


¥ 
175 


1 + +034 » = — -OOO19 (=) (34) 


The disturbance of the curvature is therefore nearly proportional to the area of the section of 
the disturbing mass, and inversely as the square of its depth below the surface. 


34. The maximum effect of the disturbing mass upon the number of vibrations (n) of the 
pendulum is— : | Pi eee a 


Therefore if ¥ be expressed in seconds— 


a (35) 


so that in this case, as in the preceding, the maximum increase of vibrations per day in the 
seconds pendulum is about half the number of seconds in the maximum deflection. 


35. If we wish to have a fair representation of the relative effect of this disturbance upon 
the plumb-line and upon the pendulum, we should not compare the maximum effects upon 
either, as there is an infinite number of chances against the maximum being observed in any 
case. 

Let us suppose, then, that a point is taken at random within a certain distance from the 
crest of the wave, and let it be required to ascertain the probable amount of deflection at such 
a point. The probable deflection will evidently vary with the given distance; if that distance 
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be very small, the probable deflection will be very small; as the distance increases the probable 
deflection increases; but when the distance is great and increases, then it is clear that the 
probable deflection will decrease; within a distance that may be determined the deflection to be 
expected will therefore be a maximum. 





Let the curve OHKP be. such. that at any distance OQ from O the ordinate QP shall 
represent the deflection at that- point, O corresponding to the crest of the wave where the 
deflection is zero. Draw OV perpendicular to OQ, and through any point v draw vhk parallel 
to OQ, cutting the curve in and & If the point taken at random between O and Q (O and 


Q being the limits) fall within hk, the deflection will be greater than Ov, otherwise it will be 
less ; consequently — 
| ue and 1 — ue 

0Q OQ 

are the probabilities that the deflection that will be encountered will exceed or fall short of Ov. 
If we take Ov such that hk =} OQ, which may be done by means of the equation to the 
curve, then the probabilities of exceeding or falling short of Ov are equal, and consequently Ov 
represents the probable deflection. 

If V be determined so that VH = HK, being paidiial to OQ, then as P moves up to K, 
Ov increases to OV, but if P be taken to the left of K the probable deflection will begin to 
decrease. The distance VK is therefore that within which, a point being taken at random, the 
greatest amount of deflection is to be expected. 

If O,¢q be the stated limits, then the probable deflection is evidently that which corresponds 
to the abscissa $ Og, for, for all points in thé right half of Og the deflection is greater, and for 
all points in the left half of Og the deflection is less, than at the middle point. 


36. In the case we have last considered, if Ny css the deflection at any distance x from the 
crest of the wave, ¥ the greatest ae 
v= 


2zr2m 
x? -- m? 
Yor each value of w there are > two values of a; these values are determined from the quadratic— 


v 
a 2 m b w ++ m?=0 
from which we have— 


EV ECF 
Sar * 


, == " 
ee eae ne uf oe 
aa p 


4 2 
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And between these values of x the deflection is sreater than-without them. ‘These values are 


equal when- = ¥, as is otherwise evident. When «,= 2 2,, which determines the point K in 
the curve— : | 
PtV Po Poar-aVvyeoyP 
| — Uy) = ¥ . 2Vv2 
The corresponding value of +,= VK =m V2: consequently if the point be sclected at 
random within this distance of the crest of the wave, the probable deflection will be the greatest, 
and equal to ;£ of the maximum deflection. | 
If r be the given distance (> mw2z) within which the point is to be taken, the probabilities 
that the deflection will exceed or fall short of / are— 


Vv ve — amv we 
a ” wy 3 9° Ny 
When these are equal— 
4m v? _ 
eV poe 
ye? ° y? 
YF a 16m’ 


va 
ne vy = , fra 
fit i) 
This, then, is the deflection that may be expected in taking at random a point within the 
distance 7 from the crest of the wave, m being the depth of the disturbing mass. 


37. Let us now obtain the number of increased vibrations per day that may be expected 


within the same limits. The ratio of the increased vertical attraction to the attraction of the 
earth is at any distance e— 








UE a Bee 2am 


Put dn =», then 


nm? 


v= 





It is evident that for all positive values of x, & is negative, and » diminishes continuously 
as x increases. If therefore we form the curve whose ordinate is y to the abscissa «x, it 1s clear 
that all values of » between + =o and « =41 7 are greater, and all values of v between «= 37 
and # = r are less, than the value of » corresponding to # = 47, or— 


ny 
,=-lUC 
r? 
tt om | 
and this, therefore, is the probable increase to the number of vibrations per day to be expected 


within the distance r of the crest of the wave, taking a point at random. 
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Comparing this with the probable value of |, we have— 
© (ae) 
& I+i¢° 
where g = ;,; and is supposed greater than /2. 
If Y be expressed in seconds, we must put for Y— 
as 2% 
Y 380-6060 ~ ere 
and therefore— 


— —_ = 6 


Vy 15 Pts 


| § TI. 
4 
Observations for determining the Attractions of Mountains. 


The first attempt to determine the amount of the. attraction of a mountain was made by 
the French Academicians MM. Bouguer and De la Condamine during their operations in Peru. 
The great mass of the different mountains in that country invited the experiment, for it 
appeared that if the attraction of a mountain were at all sensible it could be nowhere apparent 
in greater amount than among these mountains, though on the other hand, considering the 
volcanic nature of the country, it was a matter of much doubt whether the probable existence 
of large internal cavities might not diminish the weight of the result derived from the observa- 
tions. Tor this purpose the mountain Chimborago* was chosen by M. Bouguer: its height above 
the level of the sea is 3217 toises, but above the plane of the surrounding country 1700 or 
1800 toises ; at the base the diameter is about ten or twelve thousand toises, and at half its 
height the diameter is about 3500 toises. The summit is flat, and three or four hundred toises- 
in diameter. 

From these dimensions M. Bouguer estimated the volume of the mountain to be about 
20000000000 cubic toises, or the one 7400000000" part of the mass of the earth, whence he 
inferred that at the distance of 1700 or 1800 toises from the centre of the mass its attraction would 
amount to the 2000" part of the attraction of the earth, or would produce a deviation of 1’ 43”. 

In order to ascertain by observation whether the actual amount of deviation would at all 
correspond with this rough calculation, a station was chosen on the south side of the mountain 
as near to the centre of gravity of the mass as convenient, and a second station was fixed upon 
at about 3700 toises to the east of the first, at which point it was conceived that the meridional 
component of the attraction of the mass would be very small. The meridional altitudes of 
several stars were observed at both stations with the quadrant, but unfortunately the observa- 
tions were few and very discordant, owing to the very inconvenient circumstances in which the 


observers were placed. The result of the observations, such as they were, gave 7”-5 for the 
ha a al aay eh a a a me 

* «La Figure do la Terre, déterminée par les Observations de Messicurs Bouguer ct de 1a Condamine, &e. 1749.” 
Page 368. 
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deviation produced by the attraction of the mountain, which is probably erroneous to a con- 
siderable extent, and very little weight was attached even by the observers themselves to this 
experiment. 


Schehallien. 


In 1772 the Astronomer Royal, Dr. Maskelyne, undertook to repeat the experiment, and 
after careful search, and the examination of many hills, Schehallien, a mountain of 3000 feet in 
height, in Perthshire, was selected as the most favourable that could be found in the country. 
The form of Schehallien is regular ; the summit is an inclined ridge, presenting from some points 
of view a conical appearance, and rising to the height of about 2000 feet above the general level 
of the surrounding country. A station was selected on the south side of the hill at about 1200 
feet below the vertex, and another station on the north side at about 250 feet below the level 
of the former. At these stations in 1774. Dr. Maskelyne determined the latitudes with a sector 
made by Sisson. At the south station 73 observations were made face east and 93 face west ; 
at the north station 68 observations were made face west, and 100 face east. The difference of 
latitude was found by Dr. Maskelyne to be 54-60, which agrees with the result given by the 
Baron de Zach in his work on the ' “ Attraction of Mountains,” from his own reduction of all the 
observations. 

The survey was made in the years 1774-75 and 76, by the direction and partly under the 
inspection of Dr. Maskelyne. Two base-lines were measured with deal rods whose lengths 
were ascertained in terms of the Royal Society’s brass 5-feet scale; the length of the base on 
the south side of the hill was found to be 3011-4 feet, that on the north side, in Rannoch, was 
found to be 5895-4. By means of a triangulation founded on these bases, the distance between - 
the parallels passing through the two pues stations was found to be 4364-4 feet, which 
corresponds to a difference of latitude of 42-94. _ 

This last quantity, determined by geodetical operations and independent of the attraction 
of the mountain, shows that the effect of that attraction was to increase the astronomical ampli- 
tude by 54”-60 — 42”-94 = 11-66, which last quantity is the sum of the angles through 
which the plumb-line was drawn inwards towards the mountain at the two stations. | 


Mimet. 


In 1814 the Baron de Zach published a work on the Attraction of Mountains,* containing a 
detailed account of observations made by him in the south of J'rance for ascertaining the actual 
amount of the deviation caused by a disturbing mass. ‘The mountain Jimet selected by him. 
for the purpose, 'Is nine or ten miles north of Marseilles, its height is about 2500 feet above the 
level of the sea, and one of the observatories was situated on the southern face of the mountain, 
where the ruins of a convent offered some shelter. ‘The second station was in the small island of 
Planier, nine miles south-west of Marseilles, at which distance’ the attraction due to Mimet 





* “T/ Attraction des Montagnes, et ses Effets sur les fils i plomb, &c. Par le Baron de Zach.” Avignon, 1814. 
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would be insensible ; so that the attraction of the mountain would be represented by the excess 
of the geodetical over the astronomical difference of latitude of the two stations, 

The observations for latitude were made with a repeating circle by Reichenbach, of twelve 
inches diameter. The three stars observed were on the same side of the zenith, and were 
observed 874 times at the northern station, and 896 times at the island of Planier. 

The geodetical operations for connecting the two stations were conducted with great care 
and minuteness. ‘The base-line was measured with a system of three deal rods of ten feet in 
length, which were guarded against moisture of the atmosphere by coats of oil and paint ; the 
final length of the line was 1182 toises. The angles of the triangles were observed (each being 
repeated ten times) with an 8-inch repeating theodolite by Reichenbach. The mean error 
in the sums of the observed angles of the triangles is 3’-17. The direction of the meridian was 
determined both at Aimet and Planier by numerous observations of the sun. 

From these observations the difference of latitude was calculated, using an ellipticity of =, 
to be 12’ 13”-11, which exceeded the amplitude derived from the astronomical observations by 
1-98, which is the apparent effect of the attraction of the mountain Mimet. But it has been 
shown by M. Arago, in the Additions to the Connaissance des Tems, 1819, that the repeating 
circle used by the Baron de Zach for the purpose, was scarcely adequate to the determination of 
so small a quantity, uae that consequently little weight should be attached to the result of these 
operations. 


Arruun’s Srat, HDINDURGH. 


The next experiment upon the attraction of mountains is that by Lieutenant-Colonel James, 
Royal Engineers, in 1855. The hill is the well-known “ Arthur's Seat” in Edinburgh, a compact 
and abrupt mass rising to the height of 822 feet above the sea. In the choice of this hill there 
was a second object in view, also in connection with the subject of local disturbances. It has been 
known for some time that the astronomical latitude of the Calton Hill Observatory, Edinburgh, 
differs very materially—between five and six seconds—from the latitude inferred by geodetical 
operations from several other astronomically-determined points not very far distant. This circum- 
stance rendered it very desirable that the latitude of some other points in the immediate vicinity 
of the Observatory should be determined astronomically, thus to trace the course and magnitude 
of the disturbance. In the selection of three stations on Arthur's Seat, this object was accom- 
plished, as well as the determination of the attraction of the hill itself: and as a third result, a 
value of the mean density of the earth was obtained. In form, Arthur's Seat is particularly well 
adapted for the problem of attraction ; the mass, however, is considerably smalley than could be 
desired, especially for the determination of the density of the earth. 

A very convenient place offered itself for the southern station, almost exactly on the 
meridian passing through the apex of the hill (see plate XX.), and close on the south side of the 
road called the “ @ucen s Drive.” This station, is nearly on the contour ‘ 375, and therefore at 
about one-third of the effective height of the hill. In selecting stations for the observation of 
the attraction of a hill, those two points have to be determined, one on the north side and the 
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other on the south, at which the horizontal components of the attraction of the mass resolved in 
the direction of the meridian are the greatest. These points will not generally be at the base of 
the hill, but between that and the top, and can only be determined in any particular case by an 
examination of the ground. In such a mass as Arthur’s Seat, the maximum attraction is pro- 
bably’at about a third of the effective altitude, that is, the altitude above the adjacent ground. 
On the north side of this hill there is more difficulty than on the south in obtaining a favourable 
position ; that chosen for the purpose, and at which it was supposed that the attraction would 
not be far from the maximum, is in a small hollow to the cast of and above the Ruins of 
St. Anthony’s Chapel, and about fifty feet below the horizontal plane passing through the south 
station. A third station was also chosen on the top of the hill: this point is distant fourteen 
feet from the Trigonometrical Station, and bearing 18° north-west. 

The observations for the determination of the latitudes of these three points were made 
with Airy’s Zenith Sector in the months of August, September, and October, the weather being 
generally very favourable. The apparent declinations of the stars were obtained principally 
from the British Association’s Catalogue and the constants therein given. ‘The refractions were 
computed from the tables given in the Appendix to the Greenwich Observations for 1836. 


The following table contains an abstract of the results :— 








LATITUDES. 





AMPLITUDES, 


Name of Star. N N No 


0. 0. . || South Station |SummitStation] North Station 
South Station. | of |Summit Station.| of | North Station. | of and and 
Obs. Obs. Obs. ||North Station. South Station. 'SummitStation 
’ / i o é a || ° ‘ ‘a o @ “ 
sg Cygni . . f' [55 56 26°63 | 4 |55 56 43°92 | 8 0 0 17°29 
Aad Groombridge. 25°68 | 2 42°30 | Io | 16°62 
123 Cephei . . « 27°36) 4 43°93 | 2 | > 16°57 
3692 Groombridge. 23°09] I 2°98 | 2 | 19°89 
3 Lacerte B 28°39 | 2 46°34 | 4 | 17°95 
37 Cassiopeia . 4 24 82.) 2 43°47 | 6 : 18°65 
39 Cassiopeiw . x 27°27 | 6 44°17 | 8 | 16*go 
362 Groombridge . 25°63") 3 42°52 | 8 : 16°89 
44, Cassiopeixn . . 25°26 | 6 42°85 | 8 ; 17°59 
1 Persei, . . . 24°98 | 4 42°07} 8 17°09 
gCophei . . . 45°52 | 6 |55 57 10°34 | 47 
13 Cephei . . 2p 42°33] 8 8°52 | 4° 
25 Cephei . . 44°37 | 6 9°61 | 10. 
4077. Groombridge. | 45°07 | 2 Io'50 | 2 
3224 BE. . 44°96 | 4 IO‘IS | 4 
3 Perseci. . : 42°11 | 6 6°99 | 2 
531 Groombridge ; 46°69} 4 F179? | 2 
13 Perse) 2. . Of © 43°71 | 6 5°75) 2 
590 Groombridge . 43°93 | 2 8:05 | 2 
1391 B. FF. . 46°60 | 2 10°97 | 2 | 
634 Groombridge . 44°47 | 1 6°64 | 2: 
33 Persci . . at 44°34) 4 g°25 | 2 | 
45 Draconis . d 27°59 | 4 10°06 | 2 oo 42°47 
46 Draconis . ¢ 24°73 | 5 7°48 | 4 | 42°75 
2677 Groombridge . 22°38 | 3 4°72 | 21 42°34 
47 Draconis . 0 25°86 | 6 7°97 | 2 42°11 
2718 Groombridge. 25°S9 | 2 BP 726( 25 42°83 
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LATITUDES. AMPLITUDES. 
; ! | 
EE CLS, i No. | | No. No. || South Station [SummitStation} North Station 
South Station. | of | Summit Station. | of | North Station. | of and and and 
| Obs aa Obs. North Station. South Station. |SummitStation 
° 44 ° 44 1 o 4 oO 4 4 | oO 48 fl 
48 Draconis . . 155 56 27°80 | 3 35 57 10° 85 2 lo 0 43°95 
49 Draconis . , | 23°15 | 4 81s | 2) 45°00 
2777 Groombridge. | 28°52: 2 Io"go {| 2 42°38 
53 Draconis - 27°95 | 2 g°29] 6 41°34 
7 54 Draconis. 3 27°64.) “2 | Io‘o5 | 2 42°4ql 
2836 Groombridge. | 26°16 | 2 | 9°33 | 6 43°17 
1o Cygni_. 2 | 26°75 | 2 8°70 | 2 41°95 
2865 Cromabadgs. 27°08 | 2 | 1o‘o2 | 4 42°94 
2894 Groombridge . 24°42 | 2 7°24) 2 42°82 
13 Cygni. . . 8 23°67 | 2 l 5°90 | 2 42°23 
16 Cygni (1). ¢? 28°23 | 6 10°68 |} 7 42°45 
16 Cygni (2"4). ¢? 26°70 | 6 g°18 | 7 42°48 
43 Cygni .. at 23°20 | 6 7°03 { 2 43°83 
1137 "Oxford, 1843. 26°90 | 4 9°57| 41 42°67 
2Cephei . . 86 26°78 | 4 10°83 | 2 44°05 
20 Andromedx. yp 25°31) 4 | 8°27 1 6 42°96 
7 Cassiopeie . 3 26°64) 6 9°17 | 8 42°53 
g Cassiopeiw .. 28°32] 2 10°96 | 6 42°64 
31 Groombridge . | 26°63 | 8 9°32 | 8 42°69 
18 Cephei . . 8 25°97") 3 9°38 | 6 43°61 
3524 Groombridec. 26°48 | 2 10°83} 2 44°35 
180 Cyeni . . xt 25°65 | 4 7°84 | 2 42°19 
20 Cyeni . d 28°97 | 6 155 56 45°46] 6 rr"7r | & 42°74 10 o 16°49 Jo 0 25°25 
2996 Groombridze . | 25°98 | 6 43°28 | 2 ‘S-or | 6 42°03 17°30 24°73 
66 Draconis | 26°35 | 6 43°26 | 6 8°42 | 6 42°07 16°91 25°16 
30Cygni . . at 28°12 | 2 45°90 | 2 *6°63 1 4 *38°51 17°78 *20°73 
31 Cygni . . 0 27°90 | 2 45°59] 2 10°33 | 2 42°43 17°69 24°74 | 
68 Draconis . . 26°45} 2 43°47 | 4 8:60 | 4 42°15 17°02 25°13 
71 Draconis 27°34 | 10 44°13; 8 9°75 | 8 42°4t 16°79 25°62 
3205 Groombridge. 27°99 | 3 44°30 | 4 9°76) 4 4Al°97 16°31 25°46 
46 Cygni . . 43 27°46 | 3 43°58 | 6 g'21 | 3 4°75 16°12 25°63 
50 Cygni ce 26°72 | Io 44°10 | 5 9°66; 8 42°94 17°38 25°56 | 
3 Cephei . 4! 26°70 | 6 44°12 | 8 9°50} 4 42°80 17°42 25°38 
7268 BA.C.. «| 28°93 | 6 45°67 | 4 10°76 | 6 41°83 16°74. 25°09 
(63 Cygni . . f? 28°23] 8 44°90 | 10 10°49 | 8 42°26 16°67 25°59 
3415 Groombridge. 26°31 | Io 42°47 | 5 8°10 | 4 41°79 16°16 25°63 
5 Cephei_. ce | 27°04 | 7 43°80 | 12 g'25{ 8 42°21 16°76 25°45 
| 1256 ‘Oxford, 1842 . | 25°32) 2 43°82 | 4 9°53 | 2 44°21 18°50 25°71 
71 Cygni . . 9 ! 25°50.4 4 42°76} 4 8°34] 1 42°78 17°20 25°58 
1oCephei . . . | 25°63 | 6 42°70 | 8 8:70 | 10 43°07 17"07 26°00 | 
3606 Groombridge . 27°53 | 7 41°93 | I 8:22 | 8 40°69 14°40 26°29 
3652 Groombridge . 27°58; 8 43°47 | 4 10°33 | 12 42°75 15°89 26°86 
7736 B.A.C. (1*star) 27°52) 2 44°54. 1 6 10°43 | 12 42°Q1 17°02 25°89 | 
7736 B.A.C. (2™4star) 28°18 | 3 (45°18 | 6 Ir°r5 | 12 42°97 17°00 25°97 
27 Cephei (1) 8 29°35 | 2 4g8r | 4 10°58 | 10 41°23 16°46 24°77 | 
27 Cephei (2m) 3 27°63 | 2 45°12 | 6 To*1g | 10 42°56 17°49 25°97 | 
gLacerte . 27°93 | 4 44°23 | 2 Io'14 | 6 42°2t 16°30 25°91 § 
30 Cephei .. 25°38 | 4 44°56] 2 to‘65 | 2 45°27 19°18 26°09 
3882 Groombridge 24°25 | 4 42°26} 6 7°12 | 8 42°87 18-or 24°86 
3147 B. F. 26°68 | 4 43°88 | 6 grog | 81 42-36] = t7rz0 | 25726 
I Cassiopeic oo 25°03 | 4 42°40 | 2 8°26 | 10 43°23 17°37 25 
8 Andromede .. 25°71 | 4 42°48 | 4 


8:57 | 10 42°86 16°77 26°09 





* Not used in mean. 
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LATITUDES. AMPLITUDES. 























Name of Star. No. | - No. South Station |SummitStation| North Station 
South Station. . of | Summit Station.! of | North Station. | and and and 

; Obs. Obs. Obs. ae Station.) South Station. |SummitStation 

. x oO of ul | | o of & | oO « 4 (on 4 
4 Cassiopcix ; ss 56 28°45 | 4 Iss 56 45°05 | 4.155 57 11°02 | 8 !0 0 42°57 6 0 16°60 i 0 25° 37 
16 Andromede. A | 27°89 | 4 44°37; 2 10°24 | Io 42°35 16°48 25°87 
5 Cassiopeix t 26°46 | 4 43°19 4 9°71} 4 | 43°25 16°73 26°52 
12 Cassiopeiw . .. 26°96 | 10 | 43°09! 2 9°53 | 64 42°57 16°13 26°44 
15 Cassiopeix . x | | 27°59 | 8 45°10 | 2 10‘02 | 6 } 42°43 17°51 24°92 
18 Cassiopeix . a 27°39 1 8 44°51; 6 Ios | 6} 42°76 17°12 25°64 
24 Cassiopeia . 7 26°32 | Io 42°73 | 8 9°30 | 4) 42°98 16°41 26°57 
27 Cassiopeie . 26-65 | 10 43°54 | 10 9°32 | 4; 42°67 16:89 25°78 
30 Cassiopeim . 26°42 | I0 43°51, 8 8:94] 4) 42°52 17°09 25°43 
287 Groombridge ‘ 27°03 | 4 44°21 : 8 Q*IOo |} 2 j, 42°07 17°18 24°89 
34 Cassiopeiz . ¢ 28:63 | Io 45°72 | 8 IO'5I | 2 | 41°88 17°09 24°79 
5 Persei . A 29°00 | 2 46°00 | 6 12°74 | 2 | 43°74 17°00 | 26°74 

|| 





If we, assign to the result given by any one star, a weight equal to the number of observa- 
tions of that star, we get the following results for the latitudes of the three stations :— 





Station. Latitude. No. of Obs, 
DOU « Go sa-< 55 56 26°69 427 
Summit . . . 55 56 43°95 425 
North... . 55 57 9°50 AI 


These results are affected by the errors of the assumed declinations: in order to avoid 
these the following method is adopted :—Put «x for the amplitude or difference of latitude of the 
first two stations, y for the amplitude of the second and third. Let the stars observed at the 
first and second stations only, give the values + = a, x= a’, v = a@’--.-- let the stars observed 
at the second and third stations only, give y = b,y = b’,y = b”.--- let the stars observed’ 
at the first and third stations only, givex +y=oerty=e,e+y=c"..-- and lastly, 
let the stars observed at all three stations givex =a,,y=b,,v=a/,y = b/-+---- Let 
d, e, and the same letters accented, be taken to represent the number of times the stars of the 
first set are observed at the first and second stations respectively. Let fg, and hk, represent the 
same quantities for stars of the second and third sets; and let n, p,q, and the same letters 
accented, be taken to represent the number of times the stars of the third set are observed at the 
three stations respectively. | 
The probable — of x and y are those which render a minimum the function— 


= re (@-ay) +3GH 7u-) +5 payne ty- 6). 


+3 (Po - ay) +3 (5% o-ay) 


5 
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Making the differential coefficients of this quantity with respect to x and y separately = 0, 








we get— ee 
Kz +My —-N=o 
where— | 
H=2(75, ro) t+2GaR +3 (7B) Mas GD +3 Ga +3 (SF 
om S(74 


The quantities L and N are affected by the errors of observation 


Let (d-¢) be taken to 


represent the sum of the errors of the d observations of a star of the first set at the first station, 
and let (e-<) be the sum of the e errors of observation of the same star at the second station. 


Then, denoting the other sums of errors in a corresponding manner— 


—— 8 (4 a) +3 (joa ae 


ee Law 


Nas 


+3 Fencety ) aie a 


If we require the probable error of + + py, % being any 


hk 





n (pe) — p (m2) — p (ns J) + h (hee) ‘< k (hee) 
Ath 


roy 














Paar ae 
YP) a(t ae, 


given multiplier, we have— 


L(M —2K)+N(zeH —KX) 


eh MH — & 
To find the probable error of + wy, we must form the sum of the squares of the 
This sum will be found equal to— . 


coefficients of the errors as they exist in this expression. 
(M—» KY H+ @H-KyM+2M-4OH-W(K- P) 


where— 


(MIL — 1) 


P= ‘ npg 
“(n+ p)(p + 4g) 


Consequently if Iu be the probable value of an error of observation (as determined by the 
discrepancies between the mean and individual results for latitude given by a single star), 


the probable error of 2 +- » y is— 
MH — K? {™ (ar —-K+ 2 KP) — 2p (« (QUI — K*) + P (atm + x)) +p? (un — K? + 2 nr) f 


The values of H, M, K, P 


H 
L 


-_ 


and L, N are— 
168-93 M = 168-52 K = 46-06 


362-40 -N = 182-20 P = 49-34 6 _ 
. 4G 2 
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We have, therefore, for the determination of the astronomical amplitudes .x and y, 
168-93 + 46:06 y — 362-40 = 0 | 
46:06 x + 168-52 y — 18220 =o (2) 
by the solution of which, « = 17”-003 y = 25-53; © + y = 42-53. 

At the South Station the sum of the squares of the apparent errors of observation, 427 in 
number, is 265-63; at the Summit, the sum of the squares of the apparent errors of observation, 
425 in number, is 202-73 and at the North Station the sum of the squares of the apparent errors 
of observation, 411 in number, is 243-8. From the sum of the whole we find the mean square 
of error = 07-56, and therefore the Pon error of an observation = 0-67V0-56 = 0”-50. 





Probable error of x + py = Se 520% 5 SAdT Bt 522-0 ps? 7% 


a “4 
The probable errors, therefore, of the astronomical determinations of the amplitudes 2, y, 


or 2 + y, are each equal to + 0”-04. 


Geodetical Amplitudes.— The stations were very carefully connected by a small network of 
triangulation based upon the minor triangulation of the Ordnance Survey of the county of 


Edinburgh. It seems unnecessary to give more than the results of this operation, which are 
these :— 





Boni To | Distance in | 


| Feet. | Bearing. 
e : i ° ‘ “a 

Siraeaty South Station . ; 1426°7 - 179 42 7 
(Trigonometrical Station) | woth Station . | 2490°0 | 6 017 





‘The bearings are measured from North round by East. The corresponding amplitudes 
(derived from Airy’s Elements of the Figure of the Earth) are 14”-06 and 24”-40. But the 
Summit Station in the last table is the Trigonometrical Station, which differs 0”-13 in latitude 


from the Sector Station; .therefore the amplitudes corresponding to the astronomical observations 
are 14”-19 and 247-27. 





| 
Astronomical , Geodetical 





SraHONE: Amplitude. | Amplitude. A—G. 

South and Summit el ae 14° 1g ; oe: 

Summit and North . . | 24°27 1°26 

South and North . 38°46 4°07 
| 


i ee er 


It appears, therefore, that the sum of the angles through which the direction of the plumb- 
line is deflected by the attraction of the hill at the North and South Stations amounts to 4-07, 
with a very small probable error. 
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Mean Density of the Earth. 


At the same time that the attraction of Schiehallien was observed astronomically, trigono- 
metrical operations were carried on over its surface, by means of which its mass might be 
accurately known and its attraction computed and compared with the quantity observed. The 
altitudes of a great many points on the hill were carefully determined and laid down upon a 
plan showing also the position of the Observatories. ‘Through each station on the plan a series 
of 48 radial lines were drawn, the sine of the azimuth of the (7 + 1)" line being equal to the 
sine of the azimuth of the 2 line + 4. A series of concentric circles was also drawn round 
each .station as centre, the radius of the (7 + 1)™ circle being equal to the radius of the 
n™ circle + 666-6 feet. Thus for each station the mass of the hill was divided into 960 prisms. 
The attraction of any one of these prisms is 5, ¢ sin « x 666-6, where ¢ is the density of the mass 
and s the elevation of the top of the prism: the deflection for either station is therefore— 


0/1310 : = (sin ¢) 


where 4 is the mean density of the earth. Dr. Hutton found for the North Station, = (sin ¢) 
= 83-644, and for the South, & (sin ) = 69-967: this gave— 


Deflection at North Station = 11/61 : 


3 South Station = 9/7-17 : 
The sum of these must be equal to the observed quantity 11.66; this gives 20-78 @ = 11-660 
6 = 1-78 ¢. If therefore the density of the hill be 2-75, the mean density of the earth 
would be 4-9. | | 

It is to be regretted that the inner circle of 666 feet at cach station was not subdivided, as 
it is probable that this might have modified the result sensibly. Had the calculation been 
extended to a greater distance, the high ground to the south might have diminished the cal-" 
culated attraction by an appreciable quantity which would have the effect of increasing the 
resulting value of the mean density of the earth. This calculation was afterwards carefully 
repeated by Playfair in connection with his lithological survey of the mountain, and from it he 
obtained 4-713 as his final result.—( Philosophical Transactions, 1811, page 376.) 

The experiments of Cavendish with the Torsion Balance gave 5-448 for the mean density 
of the earth (Memoirs of the Royal Astronomical Society, Vol. XIV., page 91), with a probable 
error of + 0-033. ‘These experiments were repeated in 1836, with some improvements, by 
Professor Reich, of Freiberg in Saxony, and from his calculations he obtained 5-44, with a 
probable error of + 0-023. The volume of the Memoirs of the Royal Astronomical Society 
mentioned above contains the full account, by Mr. Baily, of his own experiments with the 
Torsion Balance, conducted at the public expense (a grant of s0o/. having been applied for and 
obtained by the Astronomer Royal), and with every imaginable refinement. ‘The result of these 
valuable experiments was 5-660, with a probable error of + 0-003. 


606 PRINCIPAL TRIANGULATION. 


If we suppose the earth a sphere of radius a, having mean density 6, the force of gravity at 
its surface is— 
j= Tad | 
If we descend below the surface to a depth ah which is small in comparison with a, the force 
of gravity g, at that depth is— 


42a38 — 470 ah e 


ea hy 
where ¢ is the density of the superficial parts of the globe; consequently— 


Gi _ = C 
are gh 


Now if a pendulum make x vibrations per day at the surface, and n + o at the depth ah, 


Cc 2 c 
PH are AG “at — <=) 

So that by observing the rate of a clock at a known depth below the surface and comparing 
it with another at the surface, the mean density of the earth may be compared with that of the 
superficial rocks. By this means the Astronomer Royal in 1855 obtained 6-566 + 0-018 as 
the mean density of the earth; the acceleration of the seconds’ pendulum at the: depth of 
1256 feet being found equal to 2°-24 + o°-o1.—(Philosophical Transactions, 1856.) | 


Mean Density derived from the Attraction of Arthur's Seat. 


If we add the amplitudes as determined from equations (a) to the observed latitude of the 
South Station, we get the following values for the latitudes of the three stations :— 


Latitude of South Station 5 5 56 26-69 
» Summit , 55 56 43°69 
s North _,, 55 57) 922 | 
Now the observed latitude of the Calton Hill Observatory is 55° 57’ 23-20, and the geodetical 
amplitude of the Observatory and the Trigonometrical Station on Arthur’s Seat is. 39-64; 
consequently the geodetical differs from the astronomical only. by 0-38. It is therefore evident 
that the disturbing force that acts in a southward direction at the Calton Hill exists at the 
summit of Arthur’s Seat to the same amount very nearly; this may be termed the “ general 
deflection,” and exists at each of the stations distinct from the attraction of the hill. 

The attraction of the hill was calculated in the same manner as in the case of Schehallien, 
with only this difference, that the distance of the successive circles is 500 instead of 666-6 fect. 
The calculation has also been extended to a much greater distance round the stations than was 
considered necessary for Schehallien. Round the North Station sixteen circles were drawn upon 
the contoured plan, having their. radii in arithmetic progression, the radius of the last being 
8000 feet. After these circles, another series of circles was drawn in continuation, having their 
radii in geometrical progression, the ratio being 3; so that the radius of the (16 + 7)" circle 
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is (2)" X 8000 feet. The South Station was treated in a similar manner, as also the Summit 
Station, with this exception, that at the latter there were only twelve circles in the first (or 
arithmetic) series, so that the radius of the (12 -+ 7)** circle is (2)" < 6000 feet. 

At each of the three stations the inner circle of 500 feet was subdivided by four other 
circles, the common difference of whose radii was 100 feet: thus each station is surrounded by 
three series of circles. Ifwe put =, for the sum of the sines of the elevations of the tops of the 
compartments to the north of a station (up to the end of the second series of circles), ¥, for the 
corresponding quantity on the south side: and put H, for the sum of the altitudes of all the 
compartments (in the third series of circles) to the north, H, for the corresponding quantity on 
the south side, then the deflection to the north is (by pages 584, 585) +- 0o”-o1964 (=, — %,)-z 
for the first series, -- 0”-0982 (%,, — =,)-2 for the second series, +- 0”-00003027 (H,, — H,)-2 
for the third series ; where z is the ratio of the mean densities of the hill and the earth. | 

By means of the contours on the map the following results were obtained :— 


TABLE I.—First Series of Circles. 














. South Station. Summit Station, North Station. 

of | 
Ring. S, S, z, , | S, >, 
(t) +1°689 | — 1°796 | — 7-118 —3°524 —2°002 +4°867 
(2 +5°448 | —11°294 | —11°281 —9°164 —8-+038 +4°347 
+3 +7°705 | —11°808 | —11°845 —8°603 —8*856 $+3°159 
4 +9°038 | —11°360 | —12°014 —7°436 —8°424 |. +2°179 
(5 +8°845 | —Io*‘oor | —I11°719 —6°421 —6°973 +1°932 


TABLE II.—Second Series. 





South Station. Arthur’s Seat. North Station. 
No. 
of 
Ring. = >a 2. poe Dei a; 
2 +-6°614 —6°299 —10'560 | —5*143 —4°644 -++-2°009 
3 | +3°187 | —3°53r | — 7°996; —6°634 | —3°094 | -+1°695 
4 -+-1°088 —2°536 — 5°850 | —7°715 —2°859 +0°978 
5 +0°025 —2°026 — 4°656 | —6°425 —2°361 -+1°028 
6 —=0°095 —1°713 — 4°474 | —5°295 ——1°954 1° 195 
7 | —oro88 | —1'488 | — 4°570! —~4°549 | —1°623 | +0°745 
8 —0°418 —1°309 — 4°209 | —3°994 —~—1°422 —o0° 361 
: 9 | —0°926 | —1'149 | — 3°839 | —3°587 | —1°258 | —0'747 
10 — 1004 —0°985 — 3°467 | —3°234 —1°176 —o'671 
II —1*037 —~—o°844 — 3°119 | —2°931 —I'II7 —o'bo4 
12 —1°004 —0°729 — 2°883 | —2°667 —1°048 —0°575 
13 —o'908 —0°625 —~0'996 —0°558 
14 —0°343 —0°539 —O'g4l —0°525 
15 —0°828 —0°472 —0°935 —0°488 
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TABLE III.—TZhird Series. 





South Station. 


North Station. 


Summit Station. 








22 + 180 + 8175 
23 — 10 -+ 10060 


of _ Ae te At So, | 
Ring. H, | II, | I, ! H, | 
| | | 
13 | +2643 | +4645 
14 | +2245 | +5025 
15 ! +1624 | +5460 | 
16 + 904 ! +6080 
17 +2385 + 6060 + 548 | +7460 
18 +1685 + 6870 + 427 | +8485 | 
19 + 935 | + 8295 ; + 148 +8345 
2 + 630 + goro — 92 +8550 : 
21 + 465 | + 8925 | — 132 +9595 
ee 








TABLE IV.—Results. 








Summit Station. 





South Station. 























| Serics, arate . 
=,—, Deflection. | =,—2, Deflection. | Ss. Deflection. 

m4 | 4.78: 984 | +1°5512 | —18*829 | ~o°3702 | =50°777 | —0°997 = 
| | 

2 | 4277636 | +2*71g2! — 3°441 | —0°3382 . —28°994 | —2°847 2 
: — 
HH | H,—H, | H—H, 
| | 
| | 








—1'6912 , 


The sums of the third, fifth, and seventh columns of this table give— 
Deflection at South Station = + 2-700 z 
- Summit ,, = — 2°3992 
. North 5,0 = — 5*2372 . 

We must now assume that the disturbing force which acts in very nearly the same amount 
at Calton Hill and the summit of Arthur’s Seat acts equally at all the three stations on the hill 
in a southerly direction. Thus the deflections become + 2-700 2 —v; — 2-399 2 — v and 
— 5:2372—v. Now let a be the astronomical latitude of the Summit, so that the latitudes 
of the three stations are 7 — a, a, a + y, and also if 4, be the geodetic latitude of the Summit, 
the gcodetic latitudes will be 4, — 14-19, 4,, % -+ 24-27. Then the deflections north will be 
(if we puta, —A=a)e+ 4 — 14-19, a, a+ 24: 27 — y- By equating these with the 
preceding or calculated values there result— 

v-— 27002 +a+2r— I4-19 
v+ 23909z7 +4 
Ut 5237 7 + a — Y + 24-07 


Holl 
000.4 
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where x and y are known quantities. From this equation by the method of least squares— 
(5-099? + 7-937" + 2-838") = = 5.099 (x — 14-19) + 7-937 (« + y — 38-46) + 2838 (y — 24-27) 
= 013432 2 + O-IIIO2 y — 46006 , 
Consequently, ¢ being the mean density of Arthur’s Seat, ¢ the mean density of the earth, 


~ 
:_ —_— 
— 


Be sa eee 
0°13432 2 + O-I1102 y — 4:6006 


By bemg put in this form, we see more clearly how to estimate the probable error of 8 as 
depending upon the probable errors of the observed quantities x, y, ¢. 

By the examination of a great number of specimens, Tientenaut-Cdlondl James determined 
the mean density of the hill to be = 2-75. Substituting this value, and the previously obtained 
quantities 7 = 17-00, y = 25-53, we get 9 = 5-316. 

By means of the expression given for the probable error of + -+- py (page 604), we readily 
obtain, putting » = -83, the probable error of 5 depending on the probable errors of the observed 
amplitudes, namely +-054. If, therefore, « be the probable error of the observed mean density 
of Arthur’s Seat, we shall have finally* 


Mean Density of the Earth = 5-316 + /3-725 2? + 0029 


§ IV. 


On the Influence of the Irregularities of the Surface of the Earth on the Comparison of 
Geodetical and Astronomical Observations. 


1. Let the axis of revolution of the earth be taken as the axis of z, the centre of the earth 

being the origin, and let—. . 
ret yP +i +227 -1=0 (1) 
be the equation of a regular spheroid whose surface coincides very closely with the mathematical 
surface of the earth. Let the normal to any point «yz of the latter surface meet the spheroid 
In wv, Y, %,, and let v be the part of the normal intercepted by the two surfaces, then— 
ZS TK— MY HS Ym pv is, SF Ww 
where @ » » are the direction-cosines of the normal. Substituting these values in the equation 
of the spheroid, we have— 
(x — Av? + (y — pe + 1 + 2) (ze —~ wh — I =o 


We may assume v to be so small that terms of the order v’, «v, may be neglected, then 
the above equation becomes— 


Petpet (i ts)o—a2v(ar t+ py + vz) —- I =o 





* «On the Deflection of the Plumb-line at Arthur’s Scat, and the Mean Specific Gravity of the Earth. Commu- 
nicated by Lieutenant-Coloncl James, R.E., F.R.S., M.R.I. A. &c., Superintendent of the Ordnance Survey.” hilo- 
sophical Transactions, 1856, page 59gr. 

4 It 
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but in the coefficient of v we may neglect «, $0 thatw =a,y = By YG therefore since 
A? + pw? + ¥ = 1, we have— 

meat GE Oe avo (Q) 
for the equation of the irregular surface of the earth, where v is the height of the latter at any 
point, above the surface of the spheroid (1) of reference, and is a function of «yz; but as we 
may substitute for z its value in terms of x and y, v may be considered a function of 2 and y. 


2. ‘The equations of meridians and parallels upon this surface may be expressed as follows : 
A meridian line upon the irregular surface (2) of the earth is a curve of double curvature, and 
is the locus of all those points whose longitude is constant. Let be this longitude, then the 
normals for every point in the meridian line are parallel to the plane y cos o — x sinw = 0, 
or perpendicular to the line y sin w + x cosw =o. But the direction-cosines of the normal 
are proportional to— | | 


Therefore we must have— 
— sino (2-2) + cos w ( — | = 0 


and therefore the equation of a meridian line on the surface (2) is— 


—xsinw + 7cosw + sj GY 0s = 
g y sinw 7 —C Sag (3) 


For the equation of a parallel whose latitude is a, we have— 


dv . fd du? du? 
—— = &1N (G+ aa + Ss) 





dz? dy? dz? 
d 
—_—_—— 
Or, 
dv dv 
I Pajp— —— =——-l>=0o. | 
Sl a Carri ee ee (4) 


which, together with (2), are the equations of the locus of all points whose latitude is a. 


3. fF through any point P on the surface (2) we draw a system of rectangular axes of 
co-ordinates § » &, the first being directed to the north, the second to the east, and the third to 
the zenith, then— 


peandtaueéad 


eis eee tes: (5) 
= thG ess +e 
where « By are the co-ordinates of P, and /, m, 2, l,m,-+--+++- the direction-cosines of the new 


axes. Hence we have— 


ee (LG +b) a + (a8 mt) a (ma mi) a 
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At the point P df = 0; alsol, = —~coswsina:1,= —sinwsina: m, = snow: 
m, = — cos #3; consequently at P— 
gee seas = + sin ty 
~ gin A dé dx ° dy 
Se ee 
dy dx dy 


The quantities 3 = and - are the inclinations of the surface (2 ) to that of the spheroid of 
reference (1), enced nor and east, or they are the deflections north and east, to use a term 
derived from the expression “ deflection of the plumb-line.” If we put 7, and 7’ for these differ- 
ential coefficients, the equation 7, § +7y+6= 0 is, that of a ple passing through P 
parallel to the corresponding tangent plane of the spheroid. Let a vertical plane pass through P 
making an azimuthal angle e with the plane Ey, and put § cosa = §,4 sine = 7, then it is 
clear that the inclination of the two surfaces measured in the direction determined by the 
azimuth «is =7,cosa-+ i sina. This may be illustrated mechanically, for if ¢ be the 
magnitude of a local attraction acting at any point of the earth’s surface, 2, and @’ the com- 
ponents of this force in the direction of the meridian and perpendicular to it, then in the 
direction of the azimuth « the attraction is 7, cos a@ + i sina. The maximum, or ?, takes place 
for the azimuth tan ~"(7’ : 7,), and is equal to / 7? + 7%. 

By means of the above expressions for S and oe the equations of the meridian and parallel 
become— 


Zsinw + caer es 
y dy 


(6) 





dv 
—2(. +6) (=4 ) + cotnge tet =o 


4. The effect of the irregularities of the surface upon the curvature at any point may be 
traced in the following manner: Let the system of axes §% @ originate at that point (P) on 
the surface for which the curvature is required. Let hp be the co- as of any point of 





the surface very near to the origin, then since at that point 7 = 0 and 7, = 0, we have— 
ae os FEB) bere 
p=r(h,ky=d eh ta ee 3 Ht) + 
Put now fh? = (2? + #*) cos 7a, kh? = (h? + &’) sin *2, then— 
I FE = = COs 7c + 2 = cosa sina + at SIN 74 see eee 


Now if.¢ be the radius of curvature of the vertical section of the surface by a plane passing 
through the axis of § and making an angle « with the plane of ¢&, we have at the limit 
I + = 2pe. Also it is easy to show that-at the point P or the origin— 

Gui duct _ du du Po du du d& _ 
de ae deo ded Rea Oo a a 


411 2 
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consequently by substitution in the preceding equation, and neglecting the sign of g, we-have— 


1 du du , Pu : du. 
a ae a 6 ee (7) 





5. By differentiating the equation wu = a2? + y? + (1 +2) s* —2v — 1, we obtain 
through equations (5), and considering v a function of & and 7 only— 





du dv : d’v 
Boga hethyt+at+ghz-% apm +h +B +9) — ae 
lu dv au Py 
Dadian * © Seca :—== Be ree ee ae 
2 dy = Mm, zr + M,Y dy = dy? ane Te dy? 
du | TH niet deel 
4, —~=nct+nyt (1 +s)n,z $— 2 Se tne tned +e) 
= C dg 
Gu d*v 
ea = Fa — ae a 
But we have also the following necessary relations— _ 
oti +l? =m? + me =n? + 22 +22 = 1 
| l,m, +1,m,= 0 
and therefore since /, = cosa, | 
(oe I + © cos*A — — 
= ade? oe : ae? 
yu eg Pu ; dv 
| “dEdy dE dy * * dye dy? 
Also if we add the squares of the foregoing values of z Fe 7 we shall have, remembering 


that at P the first two of these differential coefficients are zero, and making use of the equation 
to the surface, (2) 





32 
tReet te(P toe +20 
2 3 du I+ v 
Se | i RT 8 
5 (: - : sin? 2) (8) 
I+e 


6. Ife, e, be the principal radii of curvature, > the azimuth of the plane of the former, 
and if we put x cos 7« + 2 wsin a cos « + y sin *« for the reciprocal of ¢, we shall have— 


é sects I Ls 
Xcos7a + 2Wsine cosa + Ysin?2 = Be oe a) 
Loe, t Q, 


. I | 
SX tY+ (K— Y)cosga+ 2Wsinge = —+ + cos2¢(~—)cosza + sina ¢(+—2) sin ae 
. ey @;3 Cy C3 NOx @3 
whence we obtain— 
I 1 
ee —- =X + Y 
0; C3 
I I 
cosa (~—=)=x—y sin 2 (~—=)=aw 
Oy 03 Gy O3 
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If we put 7, 7, for the principal radii of curvature of the spheroid at a point whose latitude 
is A, these equations will become— 


De ge Mca hg Be OY OD ct ay, 
ae ae 2 r «de dy? . 
I I 1 d*v d?y 
AEE See eae 9) 
I 2 dv 
Ein 2 _———)}] = 
o(z 7 dé dy 


7. Let us now consider the effect of the irregularities upon | the astronomical determination 
of latitude, longitude, and azimuth. Writing #, nae i! for & and © ,» the equation— 


ee ee ee (10) 


is that of the tangent plane to the spheroid (1) at that poimt (P,) of its surface which is the 
projection of P, the origin of the co-ordinates §y $. Through P draw PQ parallel to the-axis 
of rotation,—this line must be in the plane § ¢; then, neglecting quantities of the order v - i, 
the meridian plane of P, is that which contains PQ and is perpendicular to (10): let 
a,& + a'y-+0=0 be this plane, then since this is perpendicular to (10) we must have 
a,t, + a’? - 1 = 0; so that the meridian plane of P, is represented by 
avE—(1+4i)24+%=0 (11) 


The trace of this plane upon the plane = 0 is, omitting quantities of a smaller order, 
7 = &-+a,v. Also making in (11) y = 0, since the result is the equation of PQ, we must 
have a, = — tan a, a being the latitude of P. Hence the true meridian line through P makes 
a horizontal angle 2’ tan 4 with the meridian line traced on the spheroid through the point P,. 

It is also easy to see that the plane (11) makes with the plane & fan angle equal to the 
horizontal angle @’ tan a divided by sin a, or @’ sec a. 


8. It follows, then, that if 7 be the latitude and longitude of P, a, w, the latitude and 
longitude of P, , the projection of P upon the spheroid of reference, « the azimuth (measured ° 
from north round by east) of any object on the actual surface, «, the corresponding azimuth o on 
the spheroid of reference— 


A ee 
) re dé 
a =o — Fee (12) 
‘ a Sat P tana 


The first two of these equations are also evident by the consideration of the spherical 
triangle formed by lines parallel to the normals at P and P,, and the axis of revolution ; the 
third equation will also be evident by.considering the spherical triangle formed by lines parallel 
to the directions of the meridian at P and P,, and the axis of revolution. 
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9. In the operation of spirit levelling, it is clear that the resulting height of any point of 
the actual surface is the height above the irregular surface (2) of the earth, for the instrumental 
horizontal line at any point is determined by the direction of gravity at that point. In the 
measurement of a base-line, also, the horizontality of the apparatus is determined at every place 
by the normal to the surface, also the height of every part of the line is given with reference to 
the irregular surface; hence, theoretically at least, the length of the base-line as reduced to the 
mean level of the sea is the Jength of the curve traced upon the true mathematical surface of 
the earth by a plane passing through the extremities of the line, or their projections upon the 
surface, and containing the normal at cither extremity. Let r = /(4) be the polar equation 
of the curve of intersection of this plane with the surface of the spheroid of reference, the origin 
of x and 4 being the intersection with the axis of revolution of that normal which lies in the 
intersecting plane. Then wv the height of the true surface above that of the spheroid of refer- 
ence at any point in the plane of the base is also a function of 5 let e = r + v, then the length 
of the curve upon the irregular surface is— 


sa flea +agl 
=f {7 ae + ar} {+2} 


neplecting terms of the order e*dv: but if s, be the length of the curve of intersection with the 
surface of the spheroid— | 
af’ fram sant) 


.S—S, = foods 


Consequently if v, be the mean value of v between the extremities of the base, the length 
of the measured line will exceed. that of its projection on the speroid of reference by v, s. 


to. Let us now consider the influence of the irregularities of the surface on the measure- 
ment of the angles of a triangulation. If we take two points A Bon the surface (2), and 
project them upon the surface (1) of the spheroid of reference, then the azimuth of B, (the 
projection of B) as it would be measured at A, (the projection of A) exceeds the azimuth of B 
at A on account of the altitude of the pole by the quantity 2 7, tan A: but if 6 be the are 
distance of B from A, B is seen at a depression = 44, and is therefore displaced in azimuth by 
the amount of— 


(= cosa — sin a) tan 40 


where « is the azimuth of B at A; therefore - a, be the azimuth of B, at A— 
dy : 

Also if «’ be the azimuth of any die point C, ind a,’ that of its projection, we have— 
dv 


a’ = a! + Fe tan a + (Fos a! — sin &) tan © 
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The effect of the irregularity upon the observed angle is therefore— 

dv t , 
a ~ (cos a tan — cos «’ tan a = sin « tan - — sina ‘an 2 ) 

Hence it follows that the observed angles of a triangulation differ from the angles of the 
triangles formed by the projection of the trigonometrical points upon the spheroid of reference, 
only by quantities which are of the second order in comparison with the inclination of the 
surfaces to each other. At the utmost this influence can never exceed a minute fraction of 
a second, and is overwhelmed by other sources of error. Hence in calculating the distance 
between any two points P, Q of a triangulation (the extremities of an arc of meridian, for 
instance) and using the observed angles, the result will not be sensibly different from the true 
distance of the projections P, Q, upon the surface of a spheroid whose surface is parallel to that 
of the spheroid of reference and at the mean height (v,) of the base-line from it. 


11. Jn tracing further the influence of the irregularities of the surface of the earth we shall 
write € 4 instead of the differential coefficients of » with respect to those quantities ; thus, at 
any point § denotes the inclination of the actual surface to that of the spheroid of reference 
measured in the direction of the north ; 1 denotes the inclination of the actual surface to that of 
the spheroid of reference measured in the direction of the east, the inclination being considered 
positive when the actual surface is elevated in the stated direction. 


12. Now let A B be any two points connected by a triangulation, let a a’ be their observed 
or apparent latitudes, w their observed or apparent difference of longitude, and let the direction 
of the meridian be observed at each. ‘The points connected by the trianeulation are A, B, the 
projections of A B, then we have the distance = s, and also from the observed bearings of the 
meridian we obtain from the triangulation the azimuth of Bat A = e@ and the azimuth of 
AatB=a’. We have then,—the quantities a, a,’ a, «, w, referring to the points A, B,, 

A, =At+E Ay aN + 
a, == a +7 tana a,’ = a! + 9’ tan 2d’ (13) 
0, = w— 7’ seca’ + 4 SecA | 


Let (a’) (a’) (w’) be the numerical results which we should obtain for the point B by using 
the observed latitude of A, and the observed direction of the meridian at the same, together 
with the distance s, then— 

Wy=f Aas)=f( a, —F,4a,—y tana, s ) 
(w)=fiCr,%5)=f,( 1 —F,a% —1tama,s ) 
(a) =f, As a, 8) =f, ( A, — &,5a, —~ytana, s ) 


d d, 
FOrsess) = ara) +E + toma F 


Hence— 


TACO Oe Ge Fi + ytana & 


| df; dfs 
4 Sa Ars M5 8) = a! = (a’) +e Bs ytona 2 
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and by substitution— 
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' d d 
pa()—n eS + y tana 
ay 
— 7/ scc Xv’ =(w) — w +E 4 ntona Li — yocoa 
yun =) eLetter d 
‘ z I 


(14) 


13. The values of the differential coefficients are to be found from the equations at 


page 2.49. 


from north, by east, and longitudes to be measured from east to west, we get— 


_ cose — ar — 








a a Mae aaa cos + (4a — A, + 8) ae 
sin 4 Loa—a,— 9 

fan F(a ~~ 9) = — Sng ee TP cot Bs 
; _ 8s sind (a, +a, — 2 

i ‘~ e sing (a! — a, — 1 + Q) 


If we introduce into these equations the condition that azimuths are to be measured 


(15) 


In differentiating these equations we may neglect the i quantity ¢; and if > be the 


third side of a spherical triangle of which go° — a, and 4 are two sides including the angle «,, 
then by spherical trigonometry we have— 


— sin (a,’ + w,) cos? $ ¢ 
— sin(a, — »,) sin? i 9 


—s 
— 


cost (4ae7—A4, — Acs }47-—A, 
sind (ha — a, — O)sin $(be — A, 


By means of these equations we, get— 


-{- 0) sin a, 
+ 6) sin a, 


dz,’ 1. dw, __— sin (a,’ + @,) da, dw, sina,’ — ,) 
da, da, SIN ct, de, da, sin a, 
da, 4 dw, sin @ sin a, da,’ dw, sin 0 sin a, 
da, da, 2 cos?4 > dx, da, sin? i ¢ 
( 
sina,’ — ing pial sin o st 
a : da, dd, : dir, 
He aC + Q q) —_——_——— a ; da. =tI-~- (1 ot Q) P 
2 sin? £ (a,’ ~— «,) Ay 2 sin? 4 (a,’ — @,) 


And therefore since 
di 


de, 


da,’ 
da, 
di,’ 
dea, 


where v is the same quantity as at page 249, namely the normal for a,. 





sin 6 sine, + sin sin w = o, and q may be omitted, 


Sin a,’ COS w, du, cos a,’ sin w, 
~ sina, da, sina, 
Sin , dw, cos $ sin w, 
~~ sin ¢ dx, sin 
, 
= ~ sin a,’ sin 0 DIN. ca — 4 sin? w 
e da, Q 


v =e, and sin = cos 2 and substituting in equations (14) they become— 


ae ee ae ( COs w yet (sin a sin») » 


— sec A’+ 7! = (w) — w + (tan ¥ sin» ) ee (sas = 


tan A/ - 


cot A cos A’ 


= (a’) — a! + (- sec A’ sinw ) £ + ‘Garon a =) 7 


cos A’ 


sec ») | 


We may here put 


(16) 
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14. Let us now inquire into the nature of these equations. and the information to be 
derived from them. In obtaining the equations— 
A, = A+E 
W, = wW — 4 SCC A ; a, = a2 + -y.tana 

it is evident that they do not in any way depend upon the coincidence of the axis of the 
spheroid of reference with that of rotation of the earth; the only requirement is that the axis of 
the spheroid should be parallel to the axis of rotation. If therefore, returning to the arc AB 
or A,B, to which the equations (16) have reference, we suppose the surface of a spheroid 
whose axes are 2 a and 2), of which the latter is parallel to the axis of rotation of the earth, to. 
pass through the point A or a point A, at a very small distance vertically from A, and to have 
its surface inclined to the true: surface at A at a depression — & northwards and a depression. 
— 7 eastwards,* we shall be able to determine the quantities &’ 7’ with reference to this spheroid 
for the point B. For if with the observed latitude of A and the observed direction of the. 
meridian at that point we calculate the latitude, longitude, and direction of the meridian at B,. 
and find that the calculated values exceed the observed by quantities «, ¢, «,, then we have from 
the equations (16)— 

ge taketh y 
— sec A+ a! = é+a,&+ bn - 

tan A’- 4’ = ¢, + a, & + Ob, 


Therefore for any assumed values of § and 7 we may obtain the corresponding values of E 
and 7’. If we make the surface of our spheroid of reference parallel to the surface of the earth 
at A or A,, then € = 0, 7 = 0, and we have &’ = ¢,, 77 = — «, cos 4’ = «, cot a’. 


15. In examining more closely the coefficients a, b, -+-+-- we find that a, is very nearly 
unity, 6, is a small quantity of the order of 4 (the arc distance AB); a, is of the order 6; 
b, differs from sec 2’, the coefficient of 7’, by a quantity of the order 8; a, is of the order 6; 
b, differs from ¢an 2’, the coefficient of 7’, by a quantity of the order 6. Therefore the equations 
give but little more than— 
| fF = s . 
— seca (x! = 9) = | (17) 

tan aA (y’ — 4) = 8, | 


From this we see that the observation of difference of longitude gives no further 
information than is: obtained by the observation of the directions of the meridian at both 
extremities, but is available as a check upon the accuracy of the work. 

a Ba cg ca ee a he 
* If k kl be the co-ordinates of the centre of the spheroid, its equation is— ~ 
(@—hy  vy—e , e— 9 
, rr a ia 
It may evidently be made to touch any given place in a given point, for this is equivalent to making it pass through 
three given points, by which 4 ki may be determined. ~~ - - a . 


4] 
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If there be besides B, a number of other points CD...... with respect to which we have 
by a triangulation their distances from A and also the observed latitude and direction of the 
meridian corresponding to each, then we have a set of equations— 


f—-F =a, ; 1 — y= 8, 
&,—-& =a, 12-7 |, 
&—F =a, 1 —1= 8, 
F,—& =a, Mn — 1 = Dy 


These equations will enable us to determine the position of the given spheroid of reference, 
that is the quantities € and y for the point A, so that it shall upon the whole coincide most 
nearly with the surface of the earth within the limits of the geodetically-connected points ; or 
rather, we may determine that position corresponding to which the sum of the squares of the 
quantities € y shall be the least possible; for the sum of the squares is— 


f° + (E i a,) + (E + a,)* + oe eee (E a a,)* 
teeta tbypt+in t+ by +eeee- (1 + 2,)? 
at Sa ee 
(2+ 1)7=—3(0) 


16. We have supposed the points to be projected on one particular spheroid, and the 
resulting system of inclinations & 4 is peculiar to that particular spheroid. Had the calculation 
been made with reference to another spheroid, another system of values would Lave resulted, 
and it is sufficiently obvious that we may assign as many systems of values as we please, each 
with reference to a certain spheroid. The question, then, is to ascertain which of all the 
spheroids will represent most nearly the general surface contained within the limits of the 
triangulation. In this shape the problem can scarcely be solved, but we may ascertain without 
much difficulty the spheroid which will make the sum of the squares of the apparent irregu- 
larities the least possible, or in other words we can determine the spheroid which shall show on 
the whole the least total amount of discordance with the astronomical observations. 


17. If with the latitude of the point A and the distance and bearing of the point B, we 
calculate the latitude and longitude of B and the back azimuth of A, with the given (numerical) 
elements of the spheroid, a, 4, and would ascertain the same quantities for B with reference to a 
spheroid whose semiaxes are a + da, 6 + 8b,.then-we have to add to each of the numerically- 
determined quantities terms of the form m-4a + 7-0b, where the coefficients mand 7 can be 
assigned. 

' By the alteration of @ and & the angle 6 (which is subtended by the distance A,B, = s 
at the point of intersection of the normal of A, with the axis of revolution) is also altered, for 
we have— 


6= =(1 — e sin a) 
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neglecting smaller terms which are not here required; therefore if « be the result of any 
calculation made with the angle 6 = f(a, 7 and w’ the same when 6 = f(a + &a, 6 + 9d), 


dO d@ 
wart an to + 52) 


It is, however, more convenient to use the variation of e? than of 6, so that if we put 
da = 7a, de? = «, and differentiate 6 with respect to a and e’, we get, 


sina | 
wu Bvt I —e? sin? A 2) 6 


The calculated values of a,’ w, @,’ will therefore become, since w, and «,’ contain 4 only, and 
explicitly— 


| d: 
(tay, (a4 a 88 
(2) + Rr 70 
By differentiating the first two of equations : 5) there results, 
da,’ _ ae ; . dw, ” ee ; 
7 aid — tan A’ sin a, 70 = sec A’ sin 4, 


and referring to page 248 we find, 


ao = = 2 (= A) 
Vv Dv 
v. 8A, = -86 + (¢ — A,) 8 (- 
oe (3) 


Now by spherical trigonometry we have these equations— 


sind = cos @ sin A, + sin @ cos A, cos 2, 
cos «,” cos ¢ = sin @ sin A, — cos @ cos A, COs a, 


Differentiating the first of these equations we get (a, and , bemg constant) cos ¢ dd = 
— sin 6 sin a, dé + cos 6 cosa, cos «, d4, which by the second equation = — cos $ cos a,’ a4: 
therefore 66 = — cos a,’ 44. = have also— 
{1 —¢ ae Ar) 
“GQ-AG — ¢? sin? 4,) 





from which we obtain, udleaiacs terms of higher orders— 


d fv - I 3 onh2]1 } 
(2) = qatap ft — Sabor tad + bain, 


cos? + eos? + (A 5 3 r’) - be? 
; “8 *) = cag Ce — ey? ; 


Making these substitutions in the value of 62,’ we have— 





a, = — 5 008 a! +0 + = 2 Fa = cna" cos? +0 + 3 A’) + Be? 
and from above, 

Sw, = see A’ sin «,/ 00 

Ca,’ = — tan A’ sin a,’ 26 


412 
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18. The equations (16) thus modified become— 
ait cos w ) & + (sin asin w) y— (2 cos a)’) 0 + a8 


sin @ cos «’ 
— x’ w aed ‘arial (———— r) ( os \ i 
sec = ) E+ Ret Goa — 6ecA } x + ( SecA’ sin a, co (18) 
tan A’ +n! = (a’) — a! — (see / sin w) £ 4. ( SnAg e 2 = ( fan x ein a’) 50 


where— 





fe=ige se C08" 4 eer ] 


| = —y-0- ie cL 7 


I — ec? sin? A 





19. Let A and B be the extremities of an arc of the meridian, or rather, lying very nearly in 
the meridian, at each of which we have the observed latitude and direction of the meridian. 
Using the observations at A as the basis of the calculation and a spheroid whose semi-axes 
are a and 0, let the latitude of B, and the direction of the meridian at that point be calculated, 
and suppose the quantities so calculated exceed the corresponding observed values by k, k,, 
then we shall have— 

Oth +ey+e/e + & — & 
Oo = k,cotn + ey +4 — 

The ‘second of these equations determines nothing further than the relation of the 

quantities 4%’. The first gives a relation between y and « not free from the influence of 


& and &. 


20. If there be a number of meridian arcs there will be a series of equations— 
o=h, os Cy + C,’€ + Ey — &! 
0 = Fh. +ecy +c,’ a eT eae a 
oe +c,y tee + & — &, 


o =k, + thy + 6, 6 +E, mm by 
which cannot be all satisfied, but give n — 2 relations among the 7 quantities § — zr, , 
If there be a number of points ABC.-.-.---- all on the same meridian, having observed 
latitudes and being geodetically connected, they will afford a system of equations— 
o=h, +ey + ¢' e+e-—&, 
oth, tegytoaeté& — §, 


o=k,tey +e, e+ — &, 
From these equations we may determine the values of y and « which render the sum of the 
squares of the quantities € a minimum, and these values of y and ¢ correspond to and determine 


ene 
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the spheroid which shows the least total amount of discordance with the observed latitudes. 
We have— 
SP)SP+s(kh+ey+ec'e + £) 
The equations for determining the minimum are therefore— 
(m+ E+ (ely t(c)et (hk) =0 
(c)E + (c)y + (ec) + (ch) = 0 
(C)E + (cc!) y + (ce + (eh) = 0 
and from these we obtain the axes of the required spheroid, and the inclination of the actual 
surface at each of the stations ABC...-. 


21. If the measured arc be perpendicular to the meridian, the second, or third equation, 
depending upon the observed difference of longitude or the observed azimuths, will alone give 
a relation between y and ¢, and this subject to the influence of 7 — 7’, and a small multiple of &. 

If the line AB lie in any azimuth, we have generally— 

otk +aF—' + bn tey + d,s 

O=k,tai—y +bntay + de 
but if small multiples of § and y are omitted, the first equation will contain only & — &’, and the 
second only 7 — 7’. If we put §& = & = y = 7’ = 0, the spheroid determined from these 
equations will have its surface parallel to the actual surface of the earth at A and B, and its — 
axis parallel to the axis of rotation of the earth. 


22. The application of the equations (18) to the determination of that spheroid which, 
having its axis parallel to that of the earth, shall most nearly represent the surface of a portion 
of the earth covered by a network of triangulation, and having the latitudes of several points in 
it observed, and also several determinations of the direction of the meridian; presents no other 
difficulty than the assigning of the relative weights of the equations depending upon observed 
latitudes and the equations depending upon observed azimuths. Let ABC ---- be points in 
the triangulation, at which the latitude has been observed ; these will give a series of equations 
of the form — 

Esk t+akthntayt de | 
and if the direction of the meridian has been observed at the points A’B’C’ ---- there will be 
a series of equations of the form— 

mm = hl +a +b) 4 + ey + d's 

In the latitude equations, the absolute term / is subject to two sources of uncertainty— 
naiely, that of the observed latitude and of the transferred latitude. Again, the observed 
latitude is subject to two distinct sources of error—namely, the irregularity of the earth’s surface, 
and errors of the astronomical determination. 

In the equations derived from observed azimuths, the absolute terms are also liable to the 


errors of observation and of transference, and are affected by the irregularities of the surface. 


Now the errors (of observation) of the observed azimuths are in general (certainly in the present 
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operations) considerably greater. than the errors of the observed latitudes, and the error of © 
transference of azimuth through a long series of triangles is also considerably greater than the 
error of transference of latitude. Hence the absolute terms of the equations derived from 
observed azimuths will show discrepancies considerably larger than are shown in the absolute 
terms of the equations resulting from observed latitudes. 

If from the whole of the equations we determine & y y « so that = (&) + & (7?) shall be a 
minimum, the values thus obtained give the elements of the spheroid most nearly representing, 
on the whole, the observations for latitude and also for azimuth. But the result will be that 
the azimuths are corrected at the expense of the latitudes, whereas it is more important that the 
latitude equations should be satisfied than that the azimuths should show small differences. 
Consequently, the spheroid which makes © (£7) + = (77) the least possible, does not most nearly 
represent the surface; but if we could assign a relative weight w to the azimuth equations as 
compared with the latitude equations, then the spheroid most nearly representing the surface 
would be that which makes a minimum the quantity— 


=) + we SG’) | 


23. The spheroids which we have been considering in the preceding articles as ‘‘ most nearly 
representing” the surface of the earth comprised within the limits of the operations, are evidently 
not osculating spheroids If geodetical and astronomical observations be made in conjunction 
at any part of the earth’s surface in order to determine strictly the osculating ellipsoid, or the 
principal radii of curvature and the directions in azimuth in which their planes lie, such 
operations should be contained within very narrow limits, for the differential coefficients of the 
quantity v, as there is every reason to believe, may vary very irregularly within a small space 
upon the earth’s surface. 


24. let us suppose that with the object of determining the curvature of the surface of the 
earth at a certain point, and whether it may for a small extent be represented by a surface of 
the second order, astronomical observations for latitude and azimuth have been made at three 
or four stations geodetically connected and at small distances from each other. Let A be one 
of these stations—say, the central one; at this point let (v) be the value of v, the height of the 
actual surface above the surface of reference, and let the tangential axes of co-ordinates & y 
originate at A, the former lying in the direction of the north, the latter to the east. | 


25. Since we assume v to belong to a surface of the second order, it must be of the form— 
va()+fetgn the tify tat 

, av : . dv : 

ae ° Fe ae a 


26. Let B be a second point on the surface not far from A, and let a system of rectangular 
axes of co-ordinates &’ 7’ & originate at B, the first two tangential to the surface and directed to 
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the north and east respectively, the third 2 to the zenith of B; then the relations between these 
quantities and § 7 are these— 

Esa + £ cos (EE) + 1’ cos (E 0’) + & cos (E &*) 

n= 6 + & cos (y £’) + vf cos (4 7’) + & cos (y &’) 
and therefore at the point B we must have— 


= cos ( &”) + : cos (% £") 
o = F005 (En") + $2 €05 (x 2!) 


In order to ascertain the values of these cosines, let Aw, A’w’ be the latitude and longitude 
of A and B respectively, then— 


cos (£ &’) = cos (F 2) cos (£’ x) + cos (£ y) cos (&’ ¥) + cos (¢ 2 cos (£ =) 
= sin A sin A’ (sin w sin w’ + cos w cos w’) + cos A cos A’ 

cos (4 £”) = cos (y x) cos (&’ x) + cos ( ¥) cos (’ 7) 
= sin 1’ (— sin w cos w’ + cos w sin a’) 

cos ’ n’) = cos (£ x) cos (y’ x) + cos (£ y) cos (x! ¥) 
= sin A (— cos w sin w’ + sin w cos w’) 


cos (y x) cos (x x) + cos (y y) cos (x! y) 
= sin w sin w + cos w cos w’. 


cos (7 1) 


Therefore if we neglect quantities of the order of the square of the distance of B from A, we 
have— | 
cos (£ £’) = 1 = cos (y 9’) 
cos (7 &”) = sin A sin (w’ — w) = — cos (F 7’) 
But, the longitudes being counted westward, and the azimuth from north round by east and 


south, it is evident that sin a sin (w’ — w) = sin (a! - —«), where «’ is the azimuth of A as 
seen at B: hence at B— 


dv 
de = : oe sin (a! ae (19) 
dv . 
dy’ = iz sin (a? —< a) + a 
Let & = § cos « and y = f'sinag, uae 
dv . 


ae = S + (heose + isin a) 6 79 + Geese + hein a) 6 


anita: Biss equations in the foregoing, and remembering that cos («’ —- 2) +1 =0 
very nearly, we get— 


d ee 
qe aS +9 sin (a! — 2) + hOcose + iOsin(a’ — 2) + hOsin asin (2 — «) 


ay 9 ~ Fsin (2! — a) + hOsina —i6cos(e’ — 2%) —h 6 cosa sin (a’ — 2) 
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If we return to the notation previously used—namely, writing & y for the differential 
coefficients of v, we have— 
P= E+ ysin(e’ —«) + AGcosa +76 sin(e’ — 22) + kOsina sin (a’ — «) 
y = 4 — Fsin(e’ — «) + 4O sine — i 6 cos (a’ — 22) — k@cos «sin (a’ — a) (20) 


27. These equations express the values of the § 7 belonging to the point B, in terms of 
those belonging to A and the three quantities h, 7,4, which are to be determined by observation. 
By equations (16) we have, if we neglect quantities of the order 6&, and put 8, and 4, for the 
excesses of the observed latitude and azimuth at B above the values as obtained by calculation 
from A— 

6a F— E+ sin ASiNna-y 
cot 1’ -3, = 4 — yf — cosecAsinw- & — cotasin(A’ — A) +x 
Substituting the values of &’ and 7’ in terms of h, 7, k into these equations, we have finally, 
o=hO@cosa+7@sin (e’ — 2a) + hk Osina sin (a’ — a) + 8, (21) 
o=k@sina —7@cos(e’ —~ 2a) —hO@cosasin (a’ — a) + 8,cotr’ + O(— & sine + 4 cos «) cot a’ 


28. These two equations are supplied by the point B. A second point C whose latitude is 
observed, and also the direction of the meridian at it, will, by means of its geodetical conncction 
with A, afford another pair of equations; and since the quantities € and 7 as they enter into 
these equations have small coefficients, they may be neglected, and thus the two points B and C 
connected with A, affording four equations between the three quantities /, 7, k, will be sufficient 
to determine these quantities, end also an equation of condition between the calculated values, 
which equation by its fulfilment or non-fulfilment will determine whether the surface within the 
small limits of the triangulation can or cannot be represented by a surface of the second order. 

Having thus obtained the values of h, 7, k, the calculation of the radii of curvature follows 
from the equations.(9), for we have— | 

dv . Pu ~ , Bu 
di? " Ed ae 

The appearance of the term 6(— & sin « + 7 cos) cot a’ in the second of equations (21) 
would make it appear at first sight as if h, 7, / were in some way connected with & and 7, which 
is not true. The manner in which it has arisen is owing to its having been neglected in the 
expression for the observed azimuths of B at A, and reciprocally. Jor if we suppose the points. 
actually to observe one another, we shall have to -retain those effects of the irregularities 
of the earth upon the azimuths which depend: upon the mutual depressions of these points, 
namely + 34 (— & sina + 4 cose). | 





SECTION XI. 


DETERMINATION OF LOCAL ATTRACTION. 


1. The maps of the Ordnance Survey afford the means of calculating with much precision 
the disturbing effect of the irregularities of the ground in the vicinity of some of the Zenith- 
sector Stations. Unfortunately; the number of Stations for which this calculation can be made 
is comparatively small, as the system of contours, which affords the data for this work, has 
been only of late years carried out. Sufficient data can be obtained for Dunnose, Clifton Beacon, 
Burleigh-Moor, Calton Hill (observatory), Kellie Law, Monach, and the South end of the 
Lough Foyle Base in Ireland. 

In the six-inch sheets of Ireland the heights of a great number of points are given, which 
afford data for the determination of the deflection at Forth Mountain, Feaghmaan, and Taw- 
naghmore, but imperfectly, for each of these Stations being situated on elevated and uncultivated 
ground, the number of altitude points is smaller than usual in the immediate vicinity of the 
Station, consequently the calculation for these Stations is imperfect. At Hungry Hill the ground 
has been specially contoured within a circle of a mile round the Station, at 100 feet intervals. 
Beyond this circle the altitudes engraved on the map must suffice for the calculation. 


2. ‘The method by which the local attraction at each of these Stations has been computed 
is as follows: Through the Station, as marked on the plan, draw a meridian line, and a system . 
of radial lines making angles— 


- gin7? ce » sin7? (2) > sin7! (4) ge ae Bare sin~? (22) 

with the north meridian line on each side ; and a similar system with reference to the south meri- 
dian line: altogether 40 lines. Describe on the map a series of ten concentric circles round the 
Station as centre, the radii being successively 500, 1000, 1500,--++4500, 5000 feet; and in - 
continuation, another series of concentric circles round the same centre in geometrical progression, 
such that the radius of the n™ circle of this series = 5000 X (4)" fect. So that if we draw 
altogether 25 circles, as is done in most instances, a circle of 9-55 miles radius will be inclosed, 
and this area divided into 960 parts, omitting the centre circle, as may be done in most cases. 
When the ground in the immediate vicinity of the Station is uneven, the inner circle of 500 feet 
radius is divided by circles having radii of 100, 200, 300, and 400 fect. 


3. Then to find the deflection we have the following rule, as proved at page 584: If H, be 
the sum of the heights of all the compartments between the n and (2 -+ 1)" circles of the 
first series, on the north side of the Station, H’, the same quantity for the south side, the total 

4K 


iY 
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deflection north due to the form of the ground within a circle of 5000 feet radius round the 
Station is— 

H, — H, 

Qn +1 

where H,, H’ are to be expressed in miles: also” g is the density of the disturbing mass, and 3 
the mean density of the earth. 

The quantity g varies, indeed, from one compartment or prism to —e but it will be 
sufficiently accurate to assume a common value for all the compartments, and this must be the 
mean density of all the rocks within the space over which the calculation extends. 

The mean densities of the rocks which exist in the vicinities of the different Stations for 
wen the deflection has been calculated, may be taken as follows :— 2 


2/4894 2 


Limestone’: - + + 2-81 Gneiss + + + + + 270 
Trap + + + + + + Qem6 Quartz Rock + + + 2665 
Chalk + + + + + QQ Mica Slate - - + + 2:65 
Mica + + + .- . 271 Sandstone eee 8) QeBO! 


of which the mean value is 2-69. The mean densities of these rocks differ but little among 
one another—scarcely more than do different specimens and varieties of the same rock. 

Tor the mean density of the earth we have six independent determinations. Of these, the 
determinations of Cavendish, Reich, and Baily with the torsion-balance, and the result of the 
Arthur’s Seat experiment, agree very satisfactorily among themselves (sce page 605), the mean 
of the four being 5-46. The value deduced by Playfair from the Schehallien experiment 
(which must be preferred to Dr. Hutton’s result), namely, 4-71, and that obtained by the 
Astronomer Royal from the pendulum experiments, namely, 6- 57; differ so materially from the 
others that it is clear we are not yet in possession :-of the truth. : 7 

The mean of the whole six values is 5-52, which is not very different from dies mean. (5-46) 
of the four which agree among themselves. We may therefore take 5-50 as the mean density 
of the earth, but affected with considerable probable-error, perhaps not less than + 0-10. 

Seeing, then, that in the ratio ¢:8 the quantity dis not assignable with precision, it will 
be sufficient to assume a relation 3 = 2 g, throughout the calculations. 


4. If in the formula for the deflection we express the quantities H, and H’, in feet frstead 


of miles, and make 3 = 2 . the deflection north becomes equal to— | 
orc0ong574 (EE a _H-HF, =H, , B oe ++ Ey 
Also the deflection due to ie conformation of the ground between the tenth and last circles, 


which are drawn according to a geometric series whose ratio is 7:6, is— 
162447 1 log. Z L(K — x) 


K being the sum of all the heights on the north side, K’ the sum of all the Kalil: on the wiih 
side, expressed in miles. Expressing these heights in feet, and making the same assumption as 


aT se fee RP asd Rh Ee 


| 
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previously with respect to the density, we have (since log, 7 = 1-94591 & log, 6 = 1- 79178) 
the deflection equal to 
o’”-co001817 (K —. K’) 
_If the inner circle of 500 feet be divided by four intermediate circles; the deflection due to 
the conformation of the ground within this space is | 
0.62235 -——— .(S — 8’) = 0"-01179 (S — 9’) 
52,80 ex eo the 
where § is the sum of the sines of the elevations of all the prisms or compartments on the north 
side, and S’ the sum of the sines of the elevations of all the prisms or compartments on the south 
side of the Station, and within the 500 feet circle. 
The whole deflection at the Station is therefore expressed by the quantity— 
HY’,  H,—-H’ H 


o”.o1179 (S — 8’) + 07-00023574. (A fp =) + o”-o0001817 (K — K’)... 


5 


- In a few instances it is necessary to take into account the third power of the apparent eleva- 
tions or depressions, or, in other words, to discriminate between the sine and tangent. Thismay 
be done with sufficient accuracy as follows: Let h be the height of the Station, h,h,h,... h,, 
the heights of the different compartments between the n™ & an 17 i circles on the noe a, 
then the-deflection is proportional to— 


: (ue3) = ys G4) 


Here > (h;) = H,,; and we may for h, in the second part of the above expression put 5; H,, 
so that the quantity becomes— | | 


—~—(——h 


r rs 20 


a Sa alana TES, (Bs - By } 


because 7 = 250 xX (27 + 1) : therefore to H,, in the formula (1), must be applied the 


correction— oe 
- 160 H, h y’ ode: che Te (a) 
(an + 1/9 om 100 | 


H,— 20h 10 /H, ) 


with a similar correction for H’, on the south side. 


5. If any one of the compartments consist of a depth / of sea, then for this we must take 


- e558 
supposing the mean density of the earth = 5.5. In this case, therefore, the coefficient given 
for a disturbing mass of rock must be multiplied by — + 
In the cases we have to consider, with one exception, the sea occurs only in: the compart: 
ments formed by the outer series of circles, namely those whose radii form a geometrical series. 
If, therefore, D be the sums of the: depths of the sea in all°the’ “compartments covered by it to 
4K 2 


»(z, 
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the north of the Station, D’ the sum of all the depths to the south, the increment to the deflec- 
tion north is 
— 0’’.00001156 (D — D’) 
And in general, if 7, 7” be the radii of the bounding circular arcs of any compartment, «, a’ 
the azimuths of the bounding straight limes, the deflection due to this compartment is— 


For land -+++++ + 0.002714 (sin e’ — sin «,) log ae (mean height) 


Siro ~ 
? 


é 

/ 
y 

For seas +++ +-- — o7.001727 (sin 2’ — sin z,) log,, ene (mean depth) 
/ 


6. The mean heights of the different compartments can be obtained with sufficient accuracy 
and without much trouble when the contoured maps are available for the purpose. Great 
accuracy in the determination of the mean height is not necessary, as may be seen from the 
following considerations : In the formula (1) each of the terms H, H’, &c. consists of 20 esti- 
mated mean heights ; and if we write It, I’, E, E’, &c. forthe corresponding sums of the errors, 
the error of the centre part of the formula is— 


wu" A ci, a WW’, Loe = I’, Ki, _ a9 
0.0002 eae eee as EE bog) ey ee 
0024. 1 3 + 5 - 9 } 
Each of the quantities K K’ is the sum of 300 estimated mean heights (supposing that there 
are 15 circles drawn according to the geometric-progression law), and if E and EI’ be the s sums of 


the corresponding errors, the error of the last part of the formula is— 
o”.o00018 (EK — hh’) 

The error to which the first term of the formula (1) expressing the total deflection is 
liable, is small, inasmuch as the compartments being small, their mean heights may be estimated 
pretty accurately. We shall therefore omit that term, and the error of the calculated 
deflection is— 

0.00024. {ao= — EY, ae mass we, eed oie =) + 0.000018 (E — FE’): 

Here each of the am I, I’, . . . . are composed of 20 independent errors, and each 
of the quantities Ii E’ of 300 independent errors. If we suppose, therefore, that each of the esti- 
mated mean heights is liable to an equal probable error e, the square of the probable error of the 
calculated deflection is— 








= (0.00024) f4oe zy 40 oe ee ceaie | fis o’’.000018)? 600 e? 

a pa) Coosa (2 ae at Siete 600 (0: g): | 

=e 4 40 (000024) ( P + 7) ale (0:000018) f 

— e e af I i e e er i 3 ‘| 
(0:00024 + e) | 4° G 7. a - 93 + 600 3) 


so that the probable error is equal to— 


I I 1 273 
+ 0.00024. ° 14° (= — eee = + 0.00082 + 
+ 0-00024.°€ 44 Gos ig) +3 Sf o"'+00062 + € 
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So that if all the estimated mean heights of the compartments be liable to.a probable error of 


about 25 feet, the probable error of the computed deflection would only amount to about 
o’.02, - ¢ 


7. The probable error of the determination of the mean height of a compartment will 
increase with the area of the compartment; and therefore, in order that the larger compart- 
ments may be estimated as accurately as the smaller, it is necessary to subdivide them: The 
probable error of the estimated mean height of a compartment does not appear to increase in 
proportion to the area (not subdivided), but perhaps as the square root of the area. Assuming 
this, let it be required to find the number of parts into which a compartment whose. area is A 
should be divided, in order that the probable error of its resulting mean height should be equal 


_ to that of the estimated mean height of a smaller area a. If x be the number of parts, p the 


probable error corresponding to @, the probable error of the estimated mean height of one of 
the subdivisions of A is 


A 
P pa 


ar 


and therefore the probable error of the mean of the mean heights of the x subdivisions is 


UE ee wy fe 

Vix an x J 
As this is to be equal to p, we have x = /4. So that if a compartment be in area equal to 
eight inches square, it should be divided into cight parts, in order that the mean height should 


be determined as accurately as a single estimation of a space whose area is one square inch. 
But in practice this rule cannot always be advantageously employed. 7 


Iste or Wicur Secror SrarIons. 


Boniface Down. 


Plate XXITL. shows the contours of the ground in the vicinity of the four Stations, Dunnose, 
Boniface Down, Week Down, and Highport Cliff, surveyed at intervals of 25 feet vertically. 
There are two principal features, the one running north from Week Down, about two miles in 
length and about 700 feet high; the other a curved ridge, having Dunnose Station at its 
northern extremity, and Boniface Station towards the south-western extremity: the height of 
this range averages 750 feet. The Station Highport Cliff or Port Valley is close to the sea, 
and lies S.S.E. from Boniface Down. 


The extent of the contours will only allow of 17 circles being drawn round each Station. 


The following table contains the heights of the compartments around Boniface Down :— 
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BONIFACE DOWN. | North Side.: . 





Number of Sector. 


H 









































5| 750] 740] 725) 725 | 725 | 730 | 735 | 740 | 75° | 755 | 755 | 760 | 760 | 765 | 775 | 780 | 780 | 780 | 780 | 15060 
f? 6501645 |635{ 630 | 630 | 640 | 650 | 650 | 655 | 660 | 670 | G90 | 700 | 715 a oe os ie 80 i262 
600 | 510] 515] 515 | 510 | 510 | 510 | 520 | 530 | 535 | 549 | 555 | 570 | 590 | 610 | G25 | G4o | G55 | 725 | 770 | 71535, 
5201435] 430| 440} 450 | 465 | 465 | 465 | 465 | 470 | 475 | 485 | 500 | 535 | 550 | 580 | 650 | 720 | 775 | 750 | 10625] 
5251425] 385/410! 435 | 450 | 435 | 425 | 450 | 460 | 465 | 480 | 500 | 530 | Gro | 685 | 740 | 750 | 730 | 685 | 10575 
525410] 350] 355 | 370 | 385 | 400 | 435 | 475 | 500 | 510 | 530 | 550 | G00 | 710 | 750 | 745 | 715 | 575 | 630 | 10520 
540 | 370| 330| 400| 440 | 465 | 470 | 470 | 470 | 510 | 555 | 625 | 670 | 730 | 760 | 725 | 650 | 575 | 500 | 575 | 10830| 
540| 390] 325] 375| 450 | 485 | 500 | 510 | 525 | 550 | 625 | 720 | 730 | 735 | 725 | 675 | 530 | 465 | 375 | 500 | 10730) 
530| 390] 310] 375] 450 | 500 | 540 | 565 | 575 | 610 | 675 | 725 | 710 | 605 | 585 | 625 | 520 | 350 | 310 | 385 | 10335] 
430| 37513001 360| 450°] 530 | 660 | 680 | 665 | 7oo | 750 | 730 | 630 | 515 | 470 | 520 | 520 | 375 | 260 | 250 | 10170, 
325 | 300/275] 3501 435 | 540 | 625 | 610 | 560 | 570 | 575 | 560 | 515 | 410 | 350 | 375 | 480 | 370 | 230 8455) 
410}275| 240] 310] 375 | 450 | 475 | 430 | 390 | 375 | 375 | 375 | 365 | 345 | 300 | 275 | 375 | 380 | 75 6595 | 
600 | 33512501235) 280 | 345 | 335 |} 335 | 270] 250 | 250 | 275 | 250 | 215 | 210 | 180 | 220 } 125 4960 
6251490] 315| 210) 200 | 215 | 225 | 250 | 220 | 215 | 220 | 225 | 230 | 175 | 175 | 145 4135 
480} 515} 3101225] 200 | 150 | 180 | 175.] 175 | 135.] 150 | 175 -| 135 |-125.| 125 | Ito ; As _ 3365 1 
325|325|215})160] 150 | 170 | 135 | 165 | 155 | 165 | 135 | 90] go] 110 | 120 | 50 |. 2560 





BONIFACHK DOWN. South Side, 


Number of Sector. 


18% 









































730| 650) 600} 580) 560] 560]! 570| 570! 580] Goo} 620| 630} 650) 670| 685| 710] 730) 750] 755 | 770 | 12970 
705|530|4501460| 510} 570] .620] 650| 640} G610| 575) 550| 525} 500] 500} 510! 530] 580] 600 | 700 | 11310 
700} 520] 400]420] 500} 550} 520} 450] 380] 320) 280} 265) 260} 260) 260] 265| 280) 350] 435 | 600 | 8015 
700|550|380|350| 400] 370] 310] 300] 250] 200| 200] 180] 180] 160} 180| 180] 160| 180] 300 | 490 | 6020 
680 | 5801 425/315] 260| 230) 220] 155| 150] 135| I70| 170) 160] 150} 180] Igo) 155] I50| 175 | 400 | 5050 
640] 530|450|325|] 175| 130] I10| 100] r20] r15| 125) 125] 115} 110] 100] 115} 100] 10] 320} 325 | 4040 
530|4651415|270| 150] 115} 100] 75] 50) 50; 65] 30 20| 50] 100 | 260 | 2745 
480] 450] 370/225] 125] 20 de ae 40} 170 | 1880 
430] 510}335|185) 125 | . | 120 | 1705 
4501 520| 300} 140 35 | 40|— 6oj— bo|— 7o|— 7o|— 7O|— 7O|— 70|— 7JO|— 7O|— 7Oj— 7o/— 6o|—6o |—4o 1445 
500} 460}185) 75|— 20/— Gol— 7o]— jzo|]— yoj— 80j— 80/— 80/— 80/— 80/— 80;— 8o0j— JO|~—- 7Fol-—-7o |—7o | 1220 
560 | 400 100 |—30|}— 40|— 7o|— 80|— 80/— 80/— 90|/— 90|;— go\|-—- g0o/— 90/— go|— 80|/— 80'— B8o1— 80 —go 1060 


6251350} 7O0|—soi— 7o/— 80/— 80 99 |—- 90[—- 100) 100 | 100 |= 100/—~ 100; — 100|—_ goj—=_ ga. | — _ g0/—-g0 |—go 1045 
4.70}225] 25 —60|—~ 7O|— go|—110 |—120 |—110 |— 1§0|— 150 |—~ 160 |— 150|—-130 |— 120/— 110|— 100|— 100 —90 |—9go 720 | 
425 275 20 |— 60 |— 90 |—-I10 | —140 | —170 |— 190 |-—— 190 |— 200 |-—— 200) — 200|— 190|— 180|— 120|— 110!—~ 100 — 90 i990 720 
335 | 250 |—40|—80 |— 110 —~ 180 |—-190 |—-200 | 200 | — 200|— 200|— 200/— 190/— 190|— 180|— 120|/— 110|— 100 —g0 |—90 585 





N.B.—The Sectors are numbered from West to East, and the Circles from the Centre outwards. 


™ rn 
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‘The inner circle of 500 feet must here be subdivided, on account of the abruptness of the 
ground on the southern side, by drawing four concentric circles having radii of 100, 200, 300, 
and 400 feet. ‘Thus we find for the south side S’ = — 10-3. It is also necessary on the south 
side to calculate the corrections (a), page 627.. These quantities are found to be— . | 


45, 65, 185, 225, 195, 185, 190, 180, 150, 
and applying them with the positive sign to the quantities H (South) in the table, we have— 


H, — H’, = 2045 H, — H’, = 4380  #H, — H’, = 7895 
H, — H’, = 2280 - H, — H’, = 5330 H; — H’s = 8670 - 
H, — H’, = 3335 H, — H's = 6295 H, — H’, = 8480 
K = 40240 K’ = 6795 S=o S’ = — 10-30 
and the sum of the depths of sea to the south— 
D’ = 11930, 


Therefore, as far as the 17™ circle the deflection is— 


o”-O1179 X 10+3 -+ 0'-00023574. X 4552 + 000001817 X 33445 + 000001156 X 11930 


amounting to 1’"-g4o to the north: 


We may extend the calculation to the limits of the Isle of Wight in the following manner: 
In Plate XXIII. abcdef is the 17 circle drawn round Boniface Down; through a,b, andc 
draw the lines aa’ 6b’ cc’ passing through the station, and making angles of 70°, 9°, and 33° 
respectively with the north meridian line, and let these lines be continued in the opposite 
directions, shown in the plan as dd’ ee! ff’. Take aa’ = dd’ = 9 miles, cc’ = ff’ = 6 miles, 
and, with Boniface as a centre, describe the circular arcs a’b’, c’b,, and similarly on the south 
side. ‘That portion of the island which lies south of the line aa’ may be disregarded, and the 
two spaces ab a’b’ and bcb,c’ may be considered as containing the whole of the effective dis- 
turbing force of the island, the opposite and corresponding spaces to the south and south-east 
being covered with sea, For the land, the mean height is to be tuken at 150 feet, and the 
mean depth of sea estimated from the Admiralty Charts at about.go feet (by giving greater 
weight to the nearer parts). This depth of 90 feet of water is equivalent to a hollow of 
yy X 90, or 57 feet. Thus we may take account of the disturbing effect of the sea by adding, | 
say 60 feet to the mean height of the land in the spaces aba'l’, bcb,’, making that 


quantity 210. The following table contains the calculation of the deflections due to these 
spaces :— 
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Therefore the effect of that part of the island which is external to the 17“ circle round Boniface 
Down is to produce a deflection of o”- 477 to the north. 

If we add this quantity to that previously determined, namely, 1-940, we get for the 
deflection at Boniface Down 2”-417 to the north. . 


Dunnose. 


The heights of the different compartments around this Station are given, up to the 17 
circle, in the following table :— 
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DUNNOSE. North Side. 





Number Number of Sector. 
of 
Circle. I I 












































720 | 700 | 700 585 | 675 660 | 650} 620 | 630 





ee 630 | 630 | 630 | 640 | 650| 650/ 660 | 660| 660 | 650 | 630| 13130} 
2— 3 650 610 600) 575 | §70| 570| 560] 560! 520| 510/510] 500! 500] 500] 500| 510| 525 535 | 520/520] 10845 
3— 4 | $30 520 ' 480] 455 | 440| 430] 430] 425 | 360! 410] 400| 410 | 415 | 4251} 415/410) 415| 430 | 420/400] 8720 
4— 5 | 630) 520 435 | 400] 375 | 375 | 380] 380 | 300| 335 | 340 | 335 | 350] 375 | 375 | 350] 365] 380 | 375/350] 7725 
5— 6 620 475 ' 420 | 380 | 325 | 310 | 325 | 340/270 | 285 | 275 | 285 | 310 | 325 | 285 | 300| 300| 320 | 350} 310} 6800 





| 

6— 7 | 5651430, 375 | 345 | 300} 260) 255 | 290 | 220| 230| 235 | 270| 285 | 285 | 235 | 235 | 240] 240 : 275} 5850 
8 | 515 | 410 ' 375 | 320/275 | 260| 225 | 230 | 235 | 210 | 225 | 250/250] 260| 235/225] 200/ 210 | 2201280] 5410 

8— 9 | 425] 375. 350] 330] 270| 240] 225 | 200} 240| 180 | 225 | 240| 230] 250) 285} 215} 180} 210 | 200] 280| 5150 

Q—-10 | 375 | 350! 315 | 310} 260 | 235 | 200] 180| 130; 165 | 240 | 235 | 200) 220] 235 | 215/165] 200 | 180| 300] 4710 

IO—II | 310| 300 | 230} 260] 240} 210] 190] 165 | 200] 160] 230] 230; 200] 165 | 200} 150/ 160] 175 | r50/250| 4175] 








II—I2 [225 | 220; 210 | 230{ 220] 180| 180| 150} 125 | 140) 150) 180; 175 | 140) 135| 140| 120] 150 | 110 3180 
I2—13 | 210 170 | 160 180 | 160| 160} 160/170; 150 120) 110 35 | 18 120| 100| 125) 125| 120 | 40 | 2630], 
13—14 | 290} 200/170) 135 160/170] 150) 165/165] 150,150) go| 85| 80/100! 120/140] go 2610 
I4—15 | 300| 160 170/170] 130) 125 | 150! 150/170] 150) 130 100! 60] 70! 100| 110| 100 2345 
15—16 | 280| 140 100] 120] 110| 100/ 130! 160! 160| 170; 150 100 | 60! 50! 80} 80] 30 2020! 
16—17 | 195 a 75| 75| 80] 100 100 125 | 150) 170 120) 9° 70| 40] 50] 100 1640 
| 
DUNNOSE. South Side. 





Number of Sector. 















































Number 
of Il 
Circie. I 2 s[+fsfelr|s|s 10 | Il} 12/13 | 14 4 15 16 17 18 Ig }| 20 
| 
1— 2 |680|650| 650| 645 | 645 | 650] 670 675 | 700] 710 hy15 | 725 | 730| 735 | 735 | 725) 715| 700 ' 675 | 650] 13780 
2— 3 ) 625 | 570) 565 | 560) 560 | 550) 560) 575 | 615 | 635 | 675 | 700] 720} 735] 735 | 725 | 685 | 650 600] §50| 12590 


715| 650 660} 460| 120c0 
735} 675 | 625 | 480} 11390 
650} 625 | 600] 525 | 10845 
570] 500/490] 510 | 10535 
540| 425/380] 490 | 10515 
8— 9 | 370} 350} 340| 355 | 365] 455 | 530] 600 | 680] 720} 720] 700| 700] 775 | 690| 575/475] 370/315 | 420 | 10505 
Q—T0 | 320) 300) 315 | 405 | 415 | 475 | 600 | 690) 750] 775 | 775 | 770] 765 | 780} 645 470) 400} 300 265) 345 | 10560 


625 | 540) 520| 515 | 510/ 510| 510| 520/ 550] 570 | 610) 620/ 675 | 735 | 7551 750 
TO—II | 290 | 380 | 400) 455 | 480} 550 | 670 | 750 | 760| 770 | 780| 740 | 700 | 650 | 675 ole 400 ' 210} 240); 11140 


3 
4 
4— 5 600 | 510 | 500; 460 | 450/475 | 485 | 500| 500| 500) 520] 545 | 600] 7201 7551755 
7 
8 





560 | 490 | 485 | 425 | 400 | 430 | 450] 450 | 460] 475 | 510 | §30| 600| 700/ 755 | 725 
490 | 465/450} 375 | 449/455 | 460 | 470 | 490/ 500 | 530) 550} 600] 725 | 755 ; 710 
| 425 | 400 | 400} 360 | 435 | 460 | 485 | 530) 575 | 600| 610| 600] 620} 750| 755 | 





II—12 | 260) 425 | 525 | 560} 620/ 700/ 640] 540! §70| 550 520| 450| 430| 4.30| 430! 420 | 375 250 80 8775 
I2—-13 | 310/350 / 500/525 | 520| G00] 500| 375 | 385 | 260] 180! 180| 140| 140| 130] 150 150 —1o}—-20] 5395 
13—14 | 425 | 390] 375 | 410) 460] 440] 300/ 170/120] 150| 100| 60] 30/—10|—10/—20/—30/— 30 —30/—20] 3430 
14—-15 | 650/575 | 525] 610 500; 275 | 150 |—20 |—40 |—60 | —60 | —60 | — 70 | —70|—70 — 80 | go —80 —20] 3285 
15—16 | 500/550] 610| 410 | 200 40 |—4¢ | —60 | —70}— 70 | —80 | —80}— 80 |—80|—-80 —90|—- 100 —g0/——-30} 2310 
16—17 | 380| 450 430/230] 20 |—60/—70|—80 |—80}— 80 | —90 |—go0 | —90 | 90 |—-90 —90 | go == 100 —-90/-— 30 1510 





4L 
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From this table we find— 


; H, — HW,=- 650 H, _ iH, = 3665 H,-— H’, = — 5105 
H, — H’, = — 1745 H, — H’, = — 4045 H, — H’s = — 5355 
H, — H’, = — 3280 Hs; — H’, = — 4685 H, — H’, = — 5850 

K = 18600 XY = 35845 D’ = 3230 


The ground in the immediate vicinity of the Station within the 500-fect circle is not suffi- 
ciently uneven to require the calculation of Sand 8S’. We have therefore the deflection (as far 
as the 17" circle) equal to— 

— 0”.00023574 X 3133 — 0700001817 xX 17245 + 0”-00001156 X 3230 
or 1”-015 to the south. 

It remains to add to this, the effect of that portion of the island which is external to the 17 
circle. This quantity will not differ materially from the quantity obtained for Boniface Down, as 
is evident from the proximity of the two Stations: therefore if we deduct 0”-477 from 1”-o15, 
we obtain 0”-538 ag the deflection at Dunnose to the south. 


Week Down. 


The heights of the several compartments around this Station are given, up to the 17*" circle, 
in the following table :— 
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WEEK DOWN. | North Side. 
aibes Number of Sector. 
| of If 
Circle. | y | 2 3 | 4 5 Io | rr | 12 | 13 16 | 17 | 18 | 19 | 20 


















































I— 2) 550/555] 575 | 585 | G10 | 635 | 655 | 670 | 680 | G80 | 680 | 680 | 680 | 675 | 670 665. 650 | 630 | Gos | 655 | 12785 





1O—11 | 320] 425 | 385 | 390 | 490 | 550 | 630 | 720 | 630 | 510 | 430 | 345 | 300 | 260 | 325 | 410 | 435 | 450 | 520 | 610 | 135 
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WEEK DOWN. South Side. 





Number of Sector. 





















































575/600} 615| 635 640 650} 655] 655] 6so0| 635| 620] 615] 600} 600} 590] 580) §70|; 560} 560) 610j 12215 


Im 2 

2~— 31/475/520] 550!) 565) 575] 580] 585) 580} 575| 560] 535| 5tol 475) 460) 450/ 425] 415} 425] 475} G00) 10335 
3— 41425 /435| 450) 470) 480; 490] 500] 495] 480) 470] 450! 440] 425/ 385} 365) 365) 400) 465) 530) 625) 9145 
4~— 5{410/400| 400} 400} 410} 415} 415) 400) 390] 375} 370} 360] 340] 325) 350] 375] 400) 420/ 500} 620} 8075 
5— 6/410] 380} 380] 385] 385] 380| 370| 345| 275] 250| 225} 225] 220) 220] 225) 240] 270} 330} 380] 555) 6450 
6— 71420] 380] 375] 375| 375} 360; 300| 215] 200| 150! 140] 120] 120] 115] 120] 130] 130] 175] 280] 490! 4970 
7— 8) 430/375] 375| 410} 400] 300] 210] 175] 150] 85} Go} 50| 55} 60) 50| 60} 75) 100; 200} 450| 4070 
8— 9/430) 360] 400} 450] 410| 235] 170| 115| 85| 60] so| 30 30} 20] 10} 30; 80] 130] 350} 3445 
9—I0/ 4001350! 405| 435] 300} 200| I20/ 7ol 60} 20 95| 280] 2735 
TO—I1I| 320/350] 390] 370| 230| 135 75 60{— 10/— 20!— 30/— 4oj— 40/— 50!— 60/|— 6o/|— 6o/— 30 220{ 2150) 
Tl—121330)/ 400] 410} 250] 135 75 |— 10|— 201— 301/— 301— 4o!|— 5s0|— 6o/— bo|— 7o|— Foj— 7o|— boj— 4o}; 120} 1720 
I2—131400/455) 330{ I40/ 50|/—10|— 30/— 4o]|— 50/— Gol— 7o/— 7o|— 80]/— 80/— 80/— 80/— 80/— 7oj— 50; 75; 1450 
13—141335]410} 250/ 80|/— 30}/—4oj— 5s0|— 60/— 7o|— 80/— go !—100|—110|—110|—110|— g0|—= 90j/— 80j/— 60 Go} 1135 
I4—15| 300/325] 7O}|—30|—4o!— 60|— 7o/— 80!— 90|/—100 |—120 |—140 |—150|—150 | —140 |—100|— go0|/— 80|— b0/— 20 95 
15 —16 | 325 | 300| — 20 | — 40] — 60] — 70 }— 80}— 90|—110 |—120 |— 150 | 180 |— 190 | — 190 | —200 | — 180 | —180 |—-120 |— 80 |— 70 25 
16—17 | 300 “= 30 | — 50] — 70 | — 90 |—100 |—110 | 110 | 120 | 140 | — 180 | — 190 | —190 | —200 |--200 |—200 |— 190 | 110 j— 70) = 300 


4L2 





636 PRINCIPAL TRIANGULATION. 


From this table we find the following numbers— 


H, — H’,= 570 H, — H’, = 2300 H,-— HW’, = 5590 

i, — WH’, = 1380 H, — H’, = 3515 Hs — H’s = 6270 

HW, — H’, = 1785 Ty — H's = 4855 H, — H’, = 6830 
K = 49060 K’ = 8075 D’ = 9030 


The quantities S S’ may be neglected, as the ground does not fall abruptly either north or 
south ; the deflection then is— | 
0”.00023574 X 2770 + 0”-00001817 x 40985 + 0”-00001156 x 9030 
or 1”-502 to the north, up to the 17" circle. To obtain the effect of the remainder of the mass 
of the island, we may apply the same quantity as obtained for Boniface Down, namely 0”. 477 ; 
this added to the former gives 1-979 for the deflection to the north at Week Down. 


Port Valley. 
This is the name of the point at which the zenith-sector was placed in connection with 
Highport Chiff. The heights of the various compartments are shown in the,following table :— 


fon ae ie SP eS 
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Se ee ee : 
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: —————— . . Seog AES ea 


DETERMINATION OF LOCAL ATTRACTION. 637 


PORT VALLEY. | North Side. 


Number of Sector. 





PORT VALLEY. South Side. 


Number of Sector. 






































Number . 
Cire | I 
see a 3 4. sfsjr|s 9 10 | 11 | 12 | 13 | 14 | 15 | 16 7 | x 19 } 20 
PAN a Ne 
I~ 2}135]100| 7o; 65} 45 | 415 | 
2— 31155{/100| 60 — 10/— 1o/— rol— 10/— 10o/— 10o/— 10/— 10|/— 10/— 10}/— 10 315 
3— 4 160| 80 — IO; LOj— Y§i— rS|— IS j— IS|— WS|— I§|— I§|— 1O}— 10\|— 1oj;— Io 240 
4— 5 Iro 65 — IO; IO]—— ISi—= i 20/— 20/— 3O|—— 30/— 30/—— 20)/— 20\— 20/— I5\— Io;— 10 175 
5— 6] 100 ; — 10;— 10|— IF i= 5 [— 20l—= 2oj—— 25 |—~ 30/—- 30|—— 30|— 30j— 20;— 20|— 20\— 20)— 20'—— 20) I00 | 
sear dee — 10/— 20/— 20) 30)— 30/— 30/— 4oj— 4o|— 4o|— 40/— 4o/— 40|— 40/— 30)— 30/~— 30)— 20'— 20 115 
7— 8] 95 — 20/—. 30;/— 30/— 40j— 4o/— 4o/— 4ol— s0/— sol— 55|— 55{— 60/— 55|— sSoj— 4o\— 30\/— 20, — 20) 95 
8— 4 150 |—10/—- 20|— 30/—=- 30/— 40/— 45)— s0/— so0j— 55/—- Goj— 65|— 65j— 65)— Go|— 55|— s55|— 50|— 40 — 40 150 
9—10 165 |—z0|— 30/— 40|— s0|— 60'— 60— 60)— 70|— 70|— 80|— 80|— 7o|— 70/— 65|— 65|— 65|— G0\— 60 — 55 165 
10—ry sel eels leesge aes | eS eet eet | = ipo tence =e ell ssp ros |= iol tcgg| =a ga sito eats Lege 200 
1112 270 |—-50}— 70!— 80}— 80)/— 80;/— g0/— 90/— 100|— 100|—— 100|-— 100 | — 100|— 100/-~ 100|— I00|-— 100|— go — 90 \— go; 270 | 
1213 300 |—60|— 70/— 80/— g0/— 90/— 100|— 110) — 120|— 130|— 130|— 120 |— 120|/— 120|-—~ 110|— r10|— r10)—- 100j—- 90 —— 90} 300 
314 275 |—60|— 80/— 90/— 100|/— 120!— 150)/— 180|— 180|— 180|— 190|— 190 |— 180/— 180) 150|— 120]}—= 110}— 100/—— 90 ;— 9° 275 
I4—rs 300 |—40}— 80]/— 110|— 120|— 180/— 180] — 190| — 200]—~ 200|— 200 |— 200 |— 190|— 190|— 180/— r20]— 110 /——- 100/—— gO |-— 90} 300 
7316 275 |1—-491— 99);— 120 — 180|— 190|— 200/— 200|— 200|—— 200/— 190|— 190 |— 180|— 150 |— 120|— 110 |—— 110{— 100}— gO |—— 100 275 


17 | 320 |—60|— 100} 150/— 190|— 200} 200|—- 190} — 190] — 180}— 150 |— 120 | — 110 |—— I10}—= 100|— 100|/— 100 ;— 100} 90 ;— FOO 320 
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638 . PRINCIPAL TRIANGULATION. 


On account of the great apparent elevation of Boniface Down at Highport Cliff, it becomes 
necessary to apply to the quantities H on the north side the correction (a); these are found to be 
10, 10, 55, 130, 150, 130, 100, 55, 30, to be applied with the negative sign. : 

Also to obtain the quantities FI on the south side, the depths of water (up to the 10 circle) 
are to be multiplied by 2 and treated as hollows, or negative heights. We have then— 


WT, — H’, = 2600 H, — H’, = 9330 H, — H’, = 12046 
H, -- HH’, = 3505 H, — H’, = 11066 H, — H’, = 11072 
H, — H’, = 6285 HH, — H’, = 11855 H, — H’, = 10054 
K = 42815 K’ = 1940 D = 815 D’ = 15830 S = 19-00 S’ = 6-48 


the quantities S S’ having been obtained by subdividing the circle of 500 feet by four 


smaller circles. We have then, up te the 17" circle, the deflection equal to— 

o'O1179 X 12-52 + 000023574 X 7404 + 0”-00001817 x 40875 + oO” -COCOLI56 X 15015 
or 2”-809 to the north. To this we must add the deflection due to that part of the island which 
is external to the 17 circle round this Station. ‘This may be taken as equal to the quantity 


calculated for Boniface Down, namely 0”-477, which added to the preceding, gives 3’. 286 for 


the deflection to the north. 


Clifton Beacon. 


This Station is in the north of Sheet 290 of Yorkshire. The country to the south is rather 
higher than to the north ; the ground in the immediate vicinity of the Station is tolerably even, 
and does not require the sines of the depressions or elevations to be computed. 

The following table contains the heights of the different compartments up to the 24" 
circle, the radius of which is 43273 feet, or about 84 miles. 
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DETERMINATION OF LOCAL ATTRACTION. 639 


CLIFTON BEACON. a. * North Side. 
LL SS ergs Ss ph SoS Ss eS Ss rn Sf SS SSS 


Number of Sector. 









































I— 2 | 380 | 390 | 400 | 410 | 425 | 430/435 1435 | 43514351435 1435 | 4351435 | 430 | 430] 430] 4301 430 | 440| 8505 
2— 3] 3501 345 | 355 | 365 | 380| 405 | 420 | 420 | 4201415 | 4101415 | 415 | 4151415 | 420/425 | 425 | 425 | 420 | 8060 
3— 4 | 320] 325 | 325 | 325 | 330) 335 | 335 | 33° | 349) 345 13551 375 | 390} 395 | 400 1.405 | 405 | 410 / 415.1 415 | 7275 | 
4— 5} 295 | 295 | 290 | 290 | 295 | 295 | 295 | 295 | 295 | 295 | 305 | 320 | 355 | 385 | 400 | 400 | 400 | 400 | 400 | 400 | 6695 
6 | 270 | 265 | 270] 270] 265 | 265 | 265 | 270/ 270 }.275 | 290}:320| 360] 385 | 395 | 400 | 400 | 400} 400 | 395 | 6430 
6— 7| 250/240] 245 | 250/245 | 240 | 240/255 | 265 | 275 | 295 | 320 | 360 | 385 | 395 | 400 | 400 | 4o0| 395 | 390 | 6245 
8 | 255 | 225} 215 | 225 | 225} 220] 250) 275 | 275 | 265 | 270; 300] 325 | 360] 385 | 400] 400] 400 | 380 | 376 | Go20 
8— g|270| 225 | 200] 200 | 200 | 210 | 250 | 260 | 265 | 265 | 250| 265 | 290 | 310 | 350 | 375 | 390) 380] 370] 350| 5675 
Q—10| 275 | 225 | 200] 195] 185 | 205 | 220] 215 | 235 | 240 | 240/ 245 | 265 | 285 | 315 | 350) 375 | 365 |.360) 345 | 5340 
Io—1r | 270} 240] 195 | 1751185 | 195 | 185 | 180] 195 | 210} 210] 250] 260/ 285 | 300) 3.15 | 335 | 345 | 350] 330| 5010 
1I—12 | 250} 265 | 240] 200| 165 | 170/ 155 | 200| 250] 250/255 |270| 275 | 275 |275}275|270| 310] 325 | 325 | 5000 
12—-13 | 235 | 275 | #00] 225/195] 175 | 190/175 | 220] 250] 270] 270 | 260) 250 | 250] 250| 255 | 290| 300] 305 | 4g0c 
13—14.| 225 | 265 | 255 | 240 | 230 | 235 | 230] 195 | 160 | 200} 235 | 235 | 245 | 225} 225 | 245 | 280| 300} 290/| 290] 4805 
14—15 | 225] 240] 245 |275|280}275 | 265 | 200] 120| 80) 150] 155 | 220| 225 | 220| 225 | 260| 280 | 250 | 235] 4425 
15—16| 195/155 | 190|220}220|200|Ig0| 100} 80/110} 95} 60) 160; 205} 190} 185 | 205 | 235 | 195 | 210] 3400 
16—17)125|200/190/145/115| 80) 65] 55/150] 245| 245] 125 | 140| 195/165] 130] 115 | 170| 150 | 230| 3035 
17—18|125|150/ 120] 70! 75) 50| 50] 70}230/260j 240] 210] 120] 110] 150] 100] 80} 85 | 100) 200] 2595 
18—1g9| S80] 7O]} Too; 105} 115} 55] 55/110) 250; 265| 225/180; 135} 85/130; 120} 85} 65] 60] 100} 2390 
19—-20/ 140] 90|135|130} Go| 50] 105/275 | 300} 265/225} 195/170|115} go| 65| 70} 65| 50] 50/2645 
20—21}200/165} 120] 85] 6o/ 110/150 | 260, 290) 225 | 205|180}130}/100] 70] 50] so} 25] 20] 25]25207° 
21—22]260; 160] 80] 85} 100] 155/285 | 310) 260/ 2201 155}165/ 140] 75} 35] 30} 50); 25| 20] 25) 2635 

















(22-23 | 250] 115 | 105) L15 | 150} 200) 305 | 330); 270 180] 140/155/145| 45) 25] 25! 55|) 351 451 4512735 
23—24 | 290| 140] 110| 145 | 160] 200| 225 | 270/270! 195] 135} go} 35] 25] 25] 25] 45! 45] 351 55}2520 
CLIFTON BEACON. a os saSoitle Side. 

Number of Sector. 
Number 
of Hr | 
Circle. | y | 2 sfals|sfr/s]s 10 | II} 12 ss [4 [15 | x6] x7] 08] 2 20 


























2 450 | 450 
3 425 | 425 

A | 330 | 335 | 340 | 35° | 355 | 365 | 375 | 380 | 390} 400 | 400 | 40s | 410/410 415/415 420 

| 4— 5 | 300] 320 | 325 | 335 | 345 | 355 | 365 | 375 | 385 | 395 | 410| 415 | 410/410 | 405 | 400 | 4oo 
6 | 290 | 310 | 320} 330 | 335 | 350] 355 | 370| 375 | 395 | 410] 425 | 415 | 410 | 400} 400 | 4oo 
7|275 | 300| 310 | 325 | 335 | 350} 370] 380; 390| 400 | 410] 415 | 410 | 400 | 400 | 400 | 400 

8 | 295 | 315 | 275 | 330 | 345 | 305 | 380| 400] 420 | 430/425 | 425 | 420/410 | 400 | 400 400 

8— 9] 310) 325 | 325 | 345 | 355 | 400] 440! 4451450) 445 | 4401 430] 415 | 405 | 400 | 400 | 400 

| 910 | 315 | 300| 310 | 340 | 380] 450 | 475 | 465 | 455 | 450 | 440 | 430 | 420 | 400 | 395 | 390 | 390 
1O—I11 | 300| 285 | 305 | 330 | 375 | 410/450| 450| 450/450] 440] 430] 415 | 395 | 380 365 | 375 
TI—12]270| 320 | 355 | 365 | 385 | 400 | 440/ 450] 450] 450| 440 | 425 | 425 | 415 | 385 | 360 | 350 
12—13 | 245 | 330| 370/375 | 385 | 400/415 | 445 | 450/450) 445 | 440| 430/415 | 385 | 350 | 330 
13-14 | 250 | 320 | 355 | 365 | 360; 365 | 390 440 | 450 | 450] 445 | 425 | 430 | 405 | 370] 335 | 325 
14—15 | 310 | 370 | 385 | 375 | 375 | 355 | 335 | 375 [425 | 445 14301415 | 390] 385 | 360 | 340) 335 
15 —16 1310] 410 | 400 | 400 | 380/ 340 | 315] 3251 345 | 3601 415 | 410] 380 365 | 370| 360! 330 
f16—17] 275 | 405 | 435 | 375°] 350| 355 | 340] 310 | 305 | 300] 330] 340] 320] 350] 365 | 345 | 300 
17—18 | 240 | 395 | 435 | 450] 435 | 385 | 360] 340 | 3401 400/ 410 | 370| 295 | 345 | 310 | 290 | 260 
18—19| 190] 350} 470] 470] 415 | 375 | 350] 360] 380] 400 | 400 | 375 | 300 | 280] 305 | 250 | 215 
IQ—20| 150/275 | 375 | 390 | 390 | 4.00 | 400 380] 3651390 350| 310| 265 | 225 | 220] 220/ 195 
20—21 | 135 | 275 | 270} 250 | 330] 335 | 375 | 360] 350] 380) 350] 335) 315 | 275 | 220] 160/ 150 
21—22 | 145/295 | 190/285 | 285 | 355 | 365 | 345 | 3501 350] 355 | 360] 325 | 220] 210] 175 | 165 
22—23/175 | 185 | 155 | 225 | 305 | 350 | 375 | 350 | 325 | 345 | 385 | 370| 300] 215 | 190} 170 | 160 
23--241270| 190| 140 | 210 | 290| 280 | 310] 350] 360] 360} 360] 315 | 230| 190] 170| 170] 150 


640 | PRINCIPAL TRIANGULATION. 


- From this table we obtain— 


H, —- H’,= 105 H, — H’, = — 860 H, — H’, = — 1545 

H, — H’, = 95 H, — H’, = — 1030 A, — H’, = — 2165 

H, — HW’, = — 475 H; — WH’, = — 1170 H, — H’, = — 2560 
K = 48615 K’ = 89590 


Therefore by the formula (1) the deflection in seconds is— 
| — 0.0002357 X 658 — 0”-c0001817 x y4oo¥s 
= — 07%.900 


The apparent deflection is therefore 0”- 90 to the south. 


Burleigh Moor. 


This Station is situated in the south of Sheet 7 of Yorkshire. The ground falls to the 
north, at first rapidly, and afterwards more gradually, to the sea, which is distant between two and 
three miles north. T'o the south the country gradually rises, until at a distance of nine miles it 
attains a mean height of about a thousand feet. ‘The sea to the north, though not very deep, 
adds to the southern deflection: the depths shown with a negative sign in the following table are 
taken from the Admiralty Charts. At this Station the ground within the interior 500-feet circle, 
being uneven .and falling to the north, was divided by four small circles whose radii were con- 
secutively 100, 200,.300, 400 feet. The sum of the sines of the elevations north was found to 


be — 22-30, and the corresponding.sum south — 12-45. 


BURLEIGH MOOR. 


DETERMINATION OF LOCAL ATTRACTION. 


Number of Sector. | 


North Side. 


641 












































Number 
Pas H 
PE 8 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | wr | 12 | 13 | 14 | 15 | 16 | 17 | 18 | Ig | 20 
I~ 213751 3851385) 390} 390| 400} 400] 400! 4o5| 4ro! 4ro| 410] 415] 420] 425] 430| 435] 460| 500! 540| 8385 
2— 3| 325 | 325/325 | 3251 325) 325) 325| 325] 325] 325] 325] 325] 325| 330] 330] 345] 350] 375} 410] 520) 6885 
3 41275 |275|275/275| 275) 275) 275)-250] 250] 250} 250] 260| 265] 265] 270] 290| 300] 325] 400] 470] 5770 
4— 5|250/2301225)225| 225] 220| 220] 220] 210] 210] 210] 225| 225] 22 235) 250) 275) 325! 375| 470] 5050 
5— 6} 225|200| 200/200] 195}; 190] 190] 190| 190] 190} 190] 190| 195] 200] 210] 225] 250} 285] 350| 560] 4625 
6— 7/225|175|180|)180! 170] 170} 170] 170] 170] 170| 175] 170] 170] 175] 190] 195| 220] 265] 345 530| 4215 
7— 8) 225/175/160/170} 165] 165] 160) 160) 155} 155| 155] 155] 145] 150] 150] 170] 200] 250] 300] 475] 3840 | 
8— 9) 225] 160/150/150] 155) 145| 145] t50] 150] 150] 145] 140] 130] 130] I50] 165] 175] 220] 290] 470 3595 
Q—10/235|;150/125| 140] 140} 130| 130] 130] 130] 130] 130] 125] 120] 125} 140! 50} 160] 180} 250| 450] 3270 
IO—I1|230/150/125|120] 125] 125] 120]/ 120} 115| I1ro| 105} rod] Too} 125) 130] 150! 160; 170] 220] 365] 2965 
II—12]235|125}110| 100] 105} 100; 95] 100} go; 85} 85} 80] 85] roo] Ioo] 125] 150; 160] 190} 300 2520 
I2—13|215|/110; 95} 85; 80}; 80) 80) 751 75; 75| Jo} 70} 75) 75| 75} 100; Too} 150} 160) 235] 2080 
13—-14]165| 80; 75) 70; 70] 7o} 70; 60} 55} So} §5) 55} 50; Go| 65} 65) Yoo} 125] 150] 210] 1700 
I4—15;125} 65] 75} 55] 50} 50} 50} 50) 45) 40] 4o; 50} 50} 40] 50) 5§5| 7o} 100} 150] 220] 1430 
15—16| 95| 60} 50! 45] 35 35] 351 351 35| 35} 35.) 30] 20) 10 20| 140} 210] g2s 
16—17} 85] 50} 35) 35] 30) °“35] 30) 25) 25) 20 — s|— s|— s|— 5) 40] 165] 575 
17—18| 60 35) 25) 25 20 25 25 20 15 — 20 }— 20 |— 20}— 30l—~ 30(— 25 i 25 140] 390 
18—19] 40] 25) 15) 15} 15| 25] 20] 10 — 25|— 20|/— 20|— 25|— 30|— 35|— 30|— 25] 130} 295 
nO ee 98. Se a A 228 — 20}— 25 |— 35 |— 55 |— 55 |— 60|— 60|— 55 |— 40)— 35) 250] 345 | 
20—21 — 5 | 20) — 30] —35|— 35 |— 50|— Go|— 65 |— 7o|— 80}— 85 |— 85 |— 65 |— 6oj/— 60; I40] I40 
21—-22 —— 10} —-20) —35| —55|— 60|— 60|— 85 |— g0j/— 85 |— 95|/— go|/— go|— 85|— 85 |— 60 
22—-23 —20| —50} —60| — Ga |— 80/— 85 |— 90/— 95 |—110)}—115 |—115§ | —~115 |—100 |—100 |— 85 |— Go 
23-24 — 30) 40! —65| —7O}— g0|—100 |—115 |—110 |—110 |— 115 | — 120 | —120 | — 120 |—120 |— 120 |— 70 
24—25 ~~ 25) —— 50] —— 70) — 90 |— 110 }—110 |— 120 | — 120 | — 120 | — 130 |-— 130 |— 130 | — 130 | — 130 | 120 | — 110 


South Side. ~ 
SP SS SSS SSS ss SSS hs SS GSS Ss So SiS VS ss SSS i SSS ss et SSS 


Number of Sector. 





I~ 21375 | 380] 399} 400| 410 | 440 | 450 | 475 | 500 | 525 | 540] 550] 550 | 550] 550 | 500 | 545 | 545 | 545 | 545 | 9815) 
1 2— 3] 325 | 330] 340/350} 360 | 375 | 385 | 4oo | 420 | 450 | 460] 480] 490 | 500 | 500 | 500 | 510 | 510 | 520 | 520 | 8725 
| 3— 4] 399] 300] 300] 310} 320 | 325 | 340 | 350] 370 | 390 | 400! 410] 430 | 490 | 510 | 515 | 500 | 500 | 500 | 510} 8160 

4— 5|270|280/275]290| 300 | 300 | 320 | 325 | 340 | 350; 370] 400] 470 | 500 | 450 | 500 | 480 | 460 | 500 | 535 |] 7715 

5— 6/275 | 280) 2751275) 275 | 290 | 290 | 300 | 310 | 350 | 370] 410; 480 | 500 | 500 | 470 | 440 | 410 | 470 | 535 | 7505 

S— 7/270] 280} 275 |270| 260 | 260 | 280 | 290 | 300 | 325 | 380| 450] 500 | 500 | 475 | 435 | 400 | 400 | 450 | 540 | 7340 

7— 8|275|299|275|255| 250 | 250 | 260 | 275 | 275 | 325 | 400] 450| 500 | 460 | 425 | 375 | 350 | 350 | 400 | 510 | b950 

8— 9/310] 300| 260250) 260 | 250 | 250 | 250 | 275 | 325 | 375|- 460| 470 | 425 | 390 | 335 | 300 | 310 | 350 | 400 | 6545 

9— 10] 300] 300} 285 |275| 275 | 275 | 275 | 250 | 250 | 300 | 350] 360} 360 | 390 | 350 | 325 | 275 | 275 | 295 | 380] 6145 
1O— 111 335 | 300/ 280/280] 280 | 280} 275 | 260 | 260 | 250 | 275} 300| 310 | 310 | 300 | 290 | 265 | 230 | 225 | 310 | 5615 
TI—12 | 345 | 310 | 325 | 320] 320 | 300 | 300 | 290 | 260 | 260 | 275] 300| 290 | 290 | 270 | 260 | 240 | 240 | 150 | 250 | 5595 
12—~13 | 3351325 | 325 | 340] 325 | 300 | 300 | 275 | 250 | 270 | 300] 275] 275 | 250 | 220 | 240 | 240 | 240 | 200 | 205 | 5490 
13—14 | 320] 340] 350| 360] 325 | 310 | 290 | 260 | 250 | 300 | 350! 325] 285 | 275 | 265 | 275 | 280 | 290 | 275 | 210 | 5935 
Td—r5 35013751370 360 325 | 310 280 250 | 290 | 320 385 350} 310 | 300 | 320 | 390 420 420 | 400 240 6765 
T53~16 | 395 |450/ 420/475) 330 | 275 | 275 | 315 | 340 | 335 | 330] 3251 330} 310 | 400 | 600} 570 | 580 480 | 290 | 7795 
'6—17] 450] 580] 510/480} 300 | 300 | 300 | 300-| 300 | 325 | 340 360} 355 | 425 | 555 | 640 | 625 | 500 | 500 | 340 8485 | 
(7—~138 | 435 | 530] 550/350) 310 | 305 | 320 | 340 | 340 | 420 | 460] 450! 500 | 590 | 445 | 410 | 410 | 440 | 379 | 275 8250 
18—19] 415 | 625 | 410] 330] 390 | 365 | 375 | 520 | 535 | 725 | 820 g00| 800 | 615 | 530 | 580 | 600 | G00 | 450 | 290 10875 
19—~20} 245 | 530 | 310] 345] 550 | Goo | 599 | 750 | 940 | goo | g50! 870} 800 | 750 | 750 | 800 | 710 | 660 | 525 365 | 12940 
20—~21 | 160/435 | 300 | 325 | 465 | 785 | 950 | goo | 845 | 805 | gro} roro| 980 | 935 | goo | 780 | 600 | 579 | 499 | 355 | 13500 
2I—22} 145] 330 | 295 | 315| 475 | 660 | 760 | 765 | 720 | 790 | 750] 895] 890 | 880 | 845 | 795 | 620 | 580 | 470 | 285 | 12265 
#223} 105 | 265 | 275} 300] 330 | 375 | 680 | 800 | 620 | 720 | 675} Gg5j} 765 | Gro | 740 | 845 | 725 600 | 535 | 400 | 11060 
23-24) g5]245}265|270/ 275 | 310 | 380 | 475 | 610 | 940 | 820] 830] 800 | 725 | 635 | 790 | 785 | 735 615 | 535 | 11135 
24—25| 85|240| 265 | 240] 250 | 305 | 375 | 460 | 925 | 950 | 1100| 1020] 650 | sgo | 565 | 525 | 635 | 790 | 615 | 420 | Ir005 
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From this table we obtain— 


H, — H’, = — 1430 H, — H’, = — 2665 H, — H', = — 3110 
H, — H’, = — 1840 H, — H'’, = — 288 H, — H’, = — 2950 
H, == Hy’, = — 2390 H,; — Tl’; = — 3125 H, — H’, = 2875 
K = 13365 K’ = 136710 S = — 22-30 S' = — 12-48 
Also, the sums of the depths of the sea north— 
D = 7200 


The deflection, therefore, due to the distribution of matter within a circle of nine miles and a 
half round the Station is— 

— 0”-0118 x 9-85 — 0’-0002357 x 2516 — 0”-00001817 X 123345 — O”-0000116 x 7200 
= — 37-033 
or 3-033 to the south. 

But it is evident that if the table were extended to a great number of circles, an addition 
would be made to this quantity, for the high ground to the south continues for eight or ten miles 
further, whilst on the north there is an increased depth of sea; we may therefore proceed in the 
following manner: In Plate XXIV., B is the Station on Burleigh Moor, abmn the circle within 
which we have considered the effect of the ground, draw ag, m/ (through B) making each an 
angle of 25° to the west with the meridian, also JA making an angle of 50° to the east, and mr 
perpendicular to the meridian; take ad = de = 5 miles, and ag = 38-5, and describe the cir- 
cular arcs ghrl, ef, cd. Now the whole of the space to the west of the lines ga, ml may be 
disregarded, as probably producing no meridional component of deflection at B, we have then 
three spaces left, namely, Jmnr, rnbh, and abgh, to consider. Of these the second, namely 
nbrh, may also be disregarded, as the disturbing effect of the strip of land will be counteracted 
by the greater expanse of water. Within the space /mar the depth of. sea varies from 20 to 40 
fathoms ; the line of 30 fathoms depth runs parallel to the line of the shore, and about 12 miles 
from it: by giving greater weight to the depths nearer the Station, the effective mean depth may 
be taken at 30 fathoms, or 180 feet. Within the space abed the mean height of the country, as 
estimated from the contours, is 1000 feet; within the space cdefthe mean height, obtained in 
the same way, is 760 feet; and within the space e/gh the mean height is 240 feet, estimated also 
from the contoured maps. 

The following table contains the calculation of the deflections due to each of the spaces :— 

















Space. a! a 7 r, Deflection. 
abed | 1000 | 20§ |- 130 | 14°5 | 9°5 | —or592 
cdef 760 205 130 19°5 14°5 — O°3I5 
efgh 240 205 130 48°0 19°5 — 0°303 
lmnr — 180 — 25 go 48-0 9°5 Y~ O'3IT 





‘The sum of these small quantities amounts to — 1-521: this added to the deflection due 
to the irregular distribution of matter within the circle of 9-5 miles radius, which was,found to 
be — 37-033, gives — 4”+554 as the total deflection to the south at Burleigh Moor. a 
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Calton Observatory. 


This Station is situated in the north-east of the city of Edinburgh: Sheet 2 of Edinburgh- 
shire. ‘The ground in the immediate neighbourhood of the Station falls abruptly on all sides : 
to the north it continues to fall gradually to the sea, which is at the distance of about two miles 
north; to the south there is a gradual rise, continuing to the borders of the county, where the 
mean height is about a thousand fect. 

The inner space of. 1000 feet radius was divided by nine circles, whose radii were 100, 200,: : « 
900 feet: the sines of the depressions were then calculated, and were found to be as follows:— 














Sum of Sines between North. South. 
Centre and yo -000 0°000 
"roo «200 *380 5°038 





S=— 47-780 : S' = — 37-518 


The following table contains the mean hejehts of the compartments, from the 1000 feet 
circle to nine miles and a half round the Station. | 
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CALTON HILL, EDINBURGH. North Side. 
7 Number of Sector. 
| Number 
| _ of H 
| Circle, | , ‘ 10 II 12 16 18 






































I— 2 
2— 3|/180| 165| 145] I45| 140) I40|} I40| I40| 135| 130} 125] 120] 120] 120] I1g5] 115| 130] 150] 180| 195] 2830 
| i | 
5 
6 
7 


30| 430 
16—17|; 170] 105] 65 5 —20|— 10/— 10| — 10; — 10} — 10| — 10] — 10] — 10] — 10 5| 350 
17—18/180| 80| 20 — 20| — 20] — 25|— 20! — 20/— 15 | — 30/| — 25 | — 25 | — 20| — 20| — 20] — 20} — 20 280 
18—19g 180 15 — 20, — 20; — 20] — 30/ — 25|-— 2 esas — 30) — 30| — 30 | — 25 | — 25 | — 25 | 30] — 25 | — 20] — 20 195 
19-290 160 m= 20) = 25 | — 25 | 20) — 20| — 25 | — 20 — 20|/— 20] — 30] — 25 | — 30 | — 7O| — 40! — 30] — 30] — 25 | — 20 160 
20--21I] go 5b 25 | — 20] — 20 | — 20] — 30] — 25 | — 30) —— 30f— 30] mm 25 | 25 | — 20] — 20 — 60| — 30] — 30] — 25 | — 25 95 
21-22 — 20 | = 39 | — 59 | == 40 | — 301 — 55 | — 90 | 90 | 90) — 40) —— 25 ef ao Ae od tee |e oe 

22-23 — 90] — 60] — 90] — 60! — Go| — go} — 70 | — go |—120 | — 90) — 60| — 70| — 40| — 40] — 40] — 35 | — 35 | — 30 

23-24 — 80 | — 70 20 20 30 30 80 50 70 40} — 901 — 95 | — 70| — 70| — 60] — 50|— 40| — 4o|— 30) 340 
24—-25 30| go} 200] 180] 390) 450; 530] 450| 300] 130|— 60) —70|—70|— 65} — 65 | — 65 | — 55 | — 50) — 30! 2750 





CALTON HILL, EDINBURGH. South Side. 









1 Number 
of 


| Circle. I 












































II—12/175| 215| 235| 245] 250| 260) 260] 26c/ 260] 255| 250) 255| 255} 260] 250| 275] 550| 695] 500} 315] 6020] - 
/I2—13}/175| 210| 240] 2601 300] 300] 300] 290] 290| 260/ 250] 235| 230] 230| 230] 200} 230] 445] dos 215} 5295 
13—14|170| 200; 245| 299) 300] 300] 300] 285| 265) 235| 215| 200| 200| 200) 200} 175{ 160] 160] z10| 160] 4470 


15—16/170| 160| 225; 260) 285| 260/ 270| 300] 390| 360| 290] 245] 210; 170| 150| 160) 165| 150] 135] ol 4425 
16—17/195| 160] 215! 255] 310) 320) 350] 380/ 380] 350} 300) 255] 235] 205] 195] 235! 235| 175| 125] ol 4945 | 
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From this table we have— 


i ab. eS "HH, - HY, = — 1580 H, — H’, = — 4375 
H, — H’; = — 1205 H, — H’, = — 2245 H, — H'; = — 4260 
H, — H’, = — 1230 | H; — H's = — 3390 H, - HW’, = — 3955 
S— S’= — 10-262 K — K’ = — 100590 
D = 4970 
— o"-0118 X 10:26 — 0002357 x 1808 — -o0001817 X 100590 — 00001156 x 4970 
= — 2-433 


which is the deflection due to the distribution of matter within a circle of nine miles and a half 
round the Calton Hill. But it is not allowable to terminate the calculation here, as will be seen 
by continuing it as follows: In Plate XXIV., E is the observatory on the Calton Hill, acegmn the 
circle just mentioned ; the lines a8, cd, ef, gh, mk, nl ave each ten miles long, and intersecting in the 
Station; ab and nl are inclined (N.W. & S.E.) at 40° to the meridian, ed, mk at 14° (N.E. & S.W.), 
ef, gh at 65° (N.E. & S. W. ) The effect of the matter within the spaces abgh and efnl in pro- 
ducing disturbance may be neglected. The mean height of the space abcd is 420 feet, obtained 
from the contoured maps. Of the space cdefone-sixteenth part is covered with land, and this is at 
the further boundary of the space; the remaining fifteen parts are covered with sea to the mean 
depth of 16 fathoms, or 96 feet: if we suppose the sea to be pressed down or replaced by an 
equal mass of rock throughout, there would remain a hollow of about 60 feet. This quantity 
we may add to the mean height of the similar and opposite space gims, which from the contours 
is found to be 1060 feet. The mean height of the space mn, which is similar and opposite to 
abcd, is t100 feet. ‘The following table contains the calculation of these disturbances :— 












Space. h a! a 

















: 7 r, Deflection. 
ghmk {1060 + 60 245 194 19°5 9°5 — 0°630 
mknl | 1100—420} 194 140 | 19°5 | 9°5 —0'510 





making altogether — 1-140. This being added to the quantity — 2-433 previously deter- 
mined, gives — 3-573 for the total deflection south at the Calton Hill Observatory. 


toa Foyle. 


To O ‘the south of this Station, which is situated in Sheet 9 of Londonderry, the ground 
rises continuously, attaining a mean height of about a thousand feet at the southern boundary of 
the county ; to the north the country is flat. In the immediate vicinity of the Station the ground. 
is even, and does not require the calculation of sines. 
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LOUGH FOYLE. | North Side. 





Number of Sector. 
Number ead 


of 


II 
Circle. 


I 












































! 


! 7 
I— 2}100| 90} 90; 80) 75} 75 175 | 75} 70] 70} 70! 70| 70! 70} vo} vol 75] 75] 85] roo] 1555 





LOUGH FOYLE. | a BO South Side. 





Number of Sector. 
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From this table we obtain— 


H, — H’, = — 56s H, — H', = — 1280 H, — H’, = — 1915 
H, — H’, = — 790 H, — H’, = — 1575 HH, — H’,; = — 2340 
H, — WH, = — 895 He — H's = — 1755 H, — H, = — 2760 


e 4 . tae  K-W = 101265 

Giving a deflection to the amount of— 

— 07:0002357 X 1305 ~— -00001817 X 101265 
= — 27.148 

The depth of Lough Foyle is so small that it may safely be neglected ; but it is necessary 
to extend the calculation to a greater distance, which may be done as follows: In Plate XXIV., 
Lis the Station, adhgnmr the circle of nine miles and a half radius; abcwgt makes an angle of 
65° (N.W. & S.IE.) with the meridian, 7s makes an angle of 72° with the south meridian, and 
hklv an angle of 50° with the north meridian ; Ls, Lu, Lv, Ld are each 50 miles. Make ab = be 
= hk = kl = 6 miles, and describe the circular arcs cgl, bftk; de is drawn in the meridian, 
and fg makes an angle of 15° (N.W.) with the meridian. Draw also mo and np, each 12 miles 
long, and making angles 25° (S.W.) and 45° (S.E.) with the south meridian. The effect of the 
matter within the lines ua, rs, and vh, g¢ in creating disturbance at L may be taken as insensible. 
The mean height of the space abde 1s 600 feet, of the space bcfg 410 feet: the space edhk 
is mostly covered with shallow water, the effect of which may be disregarded; the space 
gfklis covered with sea to the mean depth of 27 fathoms; the space weglv is covered with 
sea, the mean depth of which may be taken as 4o fathoms. The mean height of the space 
~- rmopngts is 400 feet; and the meaw height of the ‘space mopn is goo feet. Thé@ calculation of 
the disturbances due to each of these spaces is show n in the following table :— 





























| Space, h a a, 7 r, Deflection. 
srgt 4,00 252 115 5O°O FOS FO mT 454 
mnpo 500 205 135 | 21°5 9°5 — "544 
abde 600 O° 295 155 9°5 4° 3I4 
befg 410 345 295 2105 15°5 + *102 
Sgkl — 160 50 345 My 15°5 — ‘040 © 
culv | = 50 295 50°O 21°5 — °254 





The sum of these partial disturbances is — 1”-876, which being added to the quantity 
— 2-148 previously determined, gives the total deflection south equal to — 4”-024. 


Kellie Law. 


‘This Station is situated in Sheet 19 of Fifeshire. The mean heights of the compartments 
are given in the following table :— 


e a ee i ie =~ 


ee ed fe. 
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| Number of Sector. 
Number 

of Ir | 
} Cirele. 


I Io 





TEEPE 


470| 480] 470| 460] 450] 450] 460] 460 ies 470| 480] 490] 500 500] soo} 500 500} 500 "500 500 | g6o0 
450| 450] 470] 480) 480! 480] 450) 440} 440] 430) 420] goo} 410} 4oo| 4oo| 400] 420| 420] 450] 450|8740 
430) 480) 500] 500} 500] 500} 500} 500} 500] 480) 480} 460] 450! 430] 4r0| 400| 380] 4to| 450| 400] 9160 





























450| 480] 500| 510] 520] 530! 520; 520| 510] 510| 500] 480) 450] 440] 440] 430) 430| 410) 380] 33019340 
400] 480] 500| 510} 530| 540| 540/ §30| 520; 510] 490) 470] 440| 420} 400| 400} goo} 400} 380] 320] 9240 
480| 480] 500} 530] 540| 5501 550| 550! 520| 510] 500! 470| 440| 420) 4oo} 400) 400}. 400] 370] 320] 9330 
Q—10|500|/ 500] 520] 550| 550) 560| 560! 570} 570; 550) 500] 480| 460] 450) 440) 430] 420] 400] 360] 320] 9690 
IO—II| 500} 520] 540] 550) 560! 580] 580] 570] 550] 520} 510} 480] 450} 450] 450) 440! 420] 400} 380] 300] 9750 
TI—-12/|520| 550 560 550 550! 579] $50) 540} 500} 470} 450} 450) 440; 450! 450 440} 420) 400} 370] 32549555 
}12—13/550] 560) 570} 560] 570| 580] 550} 500] 470] 450] 440) 430] 420] 420] 410] 420] 420] 409] 360] 300) 9380 | 
13—14] 580} 590} 580] 580] 570] 580} 550] 530} 520; 480] 470} 450| 440] 430] 400} 400] 400/ 390| 360] 300}g600]~ 
14—15}640| Goo] 600} Goo] 560} s50/ 480} 480| 510] 520] 510] 470] 430] 400] 390/ 380) 370] 390/ 370] 275/9525| - 
15—16|600] Goo} 570] §50] 530] 460] 460] 450{/ 450] 420] '380] 370] 370) 380] 350] 360; 360] 360] 360] 250] 8630 
16—17|550| 540} 530} S00] 5c0| 490] 450) 450] 420} 400] 350] 320] 320] 350] 350] 350/ 370} 340) 330) 240] 8150 
17—18|540| 580] 560] 520; 500| 480} 450] 420] 380; 360] 320] 320] 300] 300} 310] 320| 320} 320] 320| 220] 7840 
18—19|600| 620] 550| 520] 470] 420] 370| 350] 320] 300] 280] 260] 280| 250] 290| 300| 280] 300] 300| 220] 7280) 
I9g—20/650| 580] 500| 500] 450] 420] 400] 370| 350| 320) 300] 330] 300] 270} 250] 250/ 270| 260} 240] 210] 7220 
20—-21|600} 550] 480] 500] 470] 400] 350! 300; 300] 280] 300] 320] 270] 240} 220} 180] 209! 200] 210 170 | 6540 
21—22/550| 460| 460| 550] 420] 320| 200| 160} 120] Too] 130| 160] 150) 150] fo00} IO} roo] 120] 3130] 130) 4620 
22—-231550}] 370| 400] 380! 250] 200| 120; 50| 20, 20]—25|— 30|— 35|— 40 20} 20] .30} 20] 70] 2520 
23—241/4501 260] 300} 350] 250} 120] 50! Io — 25 | — 30] — 40] — 50] — 55] — 50] — 50} — 50] — 50| — 30 179°} 
24—251450; 200] 90 70 7O} 20 — 30} — 40} — 50] — 50) —55| ~ 55] —55| —55|——60/—70}—6o} goo}; 


3 
4. 
5 
5— Gl440| 480} 500] 510] 510] 520] 520] 520] 510/ 510} 510] 500} 490} 480] 460] 440 4201 400| 360} 350| 9430 
7 
8 
9 





KELLIE LAW. 


Number Number of Sector. 


of 


| | Circle. I | 









































I— 21470} 480] 500! 500] 490} 480) 460| 4501 430) 430| 430] 430] 430] 430] 430) 430/ 430| 430] 440| 450/902] 
2— 3/450| 440] 450] 450] 4501 440] 440| 420] 410| 400| 400] 4oo| 400} 380] 360] 360] 360} 360] 350] 370}809°| © | 
3— 4|430| 390| 360] 360| 350] 350| 350! 330| 330| 320] 320] 320] 320] 320| 320] 320] 320] 310] 300] 340) 675%) || 
4— 51410] 350] 340| 310} 300] 290] 290| 270| 270) 260| 260| 260] 260}; 270} 280] 290] 290| 290] 280| 300] 587°] 

5— 6} 380} 340] 320] 300| 270] 270] 250| 250| 240) 240} 240| 240] 240] 240} 250] 250] 260] 260} 250] 280] 537° 
6— 7/390} 300| 310! 290| 260] 250) 250] 250} 240} 240| 240] 240] 240] 240) 240] 240] 250] 250] 240] 250] 521° 
7— 8|400| 320| 280} 260| 260| 250] 240] 240| 240] 240] 240] 240] 230] 230] 230] 240] 250| 250] 230]. 240] 511° 


g—10}380| 290] 270} 250} 240] 230] 230] 230] 230] 220} 210] 200] 200} 200] 210] 210] 210] 210] 210} 230 4660 
10—I1| 360} 280] 250| 220] 230] 210] 210] 200] 200} 200] 200] Ig0] Ig0|] 180] Igo] 200| 200] 200] 200] 220! 433° 
11—12]380| 280] 250] 210] 200] 200] 190} 190] 170] 150} 160} 160] 160] 150] 150] 170] 200| 200| 180| 200 395° 
12—13|400] 250] 220] 180] 150} 160] 160] 140] 130] 120{ 120] I10| 120] 120] 120] 120| 140] 160] 160] 180 3200 
13—14|400| 260] 200] 190] 170] 150] 130] roo} 90} ‘90} 90] go| 100/ 100} 100] roo} 120} r40| 150} 180} 295° 
14—15|400} 250} 200; 180) 160] 130] r10| 100} 100] I00{ Too| go! go} go! go} go} roo| r1r0o} 130| 170 279° 
15—16/420| 250] 180) 120; gol 70; 7o} 7o! go} 100} 100} go! 80} 80} 80] 80) go} go} go| 150 
16—17|400} 200] 120] 90/ 70} 7o! 7o} Fo} 80} Fo} 60} 7o;} Fo} Jo} 80} ol Fo} Go} 7oj 150 201" 
I7—18|400{ 200! 100} 90] go{ Too] go} go} Go} Go; so] sol 4oj 40} 30} 40; Go} 70} 60} 120 154 


18—19/450| 150} 80} 60} 60; Go| Go| 80} Gol 20) © 201 201 120 124° 
19—20/500/ 130; So] 40| 40}; 60} 4o] 30 — 25|— 35|— 50/— 60|— 6o/— 55|— 60)— 30/— 30|— 30] 70] 99° 
20—21/|450 So 20 40 80 30 — 35 | 504-100 |—100|—110|}— 95 |—100/— 85 |— go0/— 85 }|— Go 20 i 
}2{—22) 400 20 — 30|— 60)|— 7oj— 90}/—T10 ~TII5 |—-120 |— 140 |—- 145 |— 155 | -——150 |—140 |—120 |— goj—- 5° AP 
}22—23 | 220} —20| — 30/— 35 |— 60}/— 90)— 95 j—110 |—130 | —130 |—150 |—150 |—155 | — 160 | ~170 |— 160 | —170 |—160 |—120|— 7° oe 
23—24 oo| — 39] — 50}— 90 |— 95 | —120 |-- 150 | 150 |~— 160 |— 155 | —159 |— 160 | —170 |——170 | — 160 |—- 150 |—155 |—155 |—130)— 95 ae 
24-25 | 300 | — 60] — go |—110 | —130 | — 140 | — 150 | 150 | — 170 | —150 | — 180 | — 168 | — 170 | — 175 [— 150 |= 155 | —150 | — 150 | —120 | — 110 3 








430} 480] 510} 510] 510] 510| 510} 510| 510/ STO} 510} 500] 470] 460] 450] 420] 400| 370] 390| 350]9310 ae 


8— 9/400] 300] 280| 250] z50| 250] 230| 230| 2301 230] 220| 200] 210] 229] 220| 230] 240| 230] 220] 220/485] | 
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From this table we have— | 
H, — H’, = 580 Hy — Hl’, = 3440 H, — H', = 4130 
H, ai H, = 650 H, = H’, — 4060 H, = H’; = 4470 
H, — H’; = 2400 H, — H's = 4130 H, — H’, = 5030 
7 K — K’ = 756.40 
D — D' = — 9150 


The deflection therefore is— 


0”.0002357 X 2540 + -c0001817 x 75640 + 00001156 X 9150 


= 2”.078 North. 


Monach. 
This Station is in Sheet 10 of the Island of Lewis. The mean heights of the different 


compartments are shown in the following table :— 





4N 


650 


| Number 
of 
| Circle. 


[_— 
a— 

i 
4— 

} co— 
eee 
bo 
s— 
g—Io 
IO—II 
II—12 
I2—13 
/I3-—I4 
I14—15 
15—16 
[16—17 
117—18 
1 18—1g 
Ig—20 
120—21 
21—22 
/22—23 
A324 
24— 25 


WW oo~ny Cin Pw 
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MONACH. 


Number of Sector. 




















500 
435 
400 
460 375 
435 410 


435 


220 
200 


IOO 


160 


MIONACH. 


700 
600 


735 
615 








425 
425 


660 


1575 


455 
435 


4.00 


280 
270 





435 
450 


So 











North Side. 








South Side, 


4.00 
400 
380 
375 
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On account of the abruptness of the ground in the vicinity of the Station, it 1s necessary 
to calculate the corrections (a), page 627, to the quantities H: they are found to be— 


Tor the North side - - + + + + 30, 40, 50, 60, 50, 35: 25) 20, 15 | 
For the South side - - + + + + 45, 90, 100, 75, 55s 45, 3.52 39 25 
These being applied with the positive sign to the quantities H, we get— 
H, —~ H,,= 370 H,-—H,= 480 H, —H’, = 730 
H, — H’, = 1090 H, — H’, = 170 H, — H's = 1085 
H, — H’, = 1225 H, — H's = 435 H, — H’, = 1320 


K— = 15555 
So that the deflection is— 
000023574 X 801 + o”-o0001817 xX 15555 
e = oO” -471 North. 


Hungry Hill. 


For the more accurate determination of the disturbance at this Station, the ground enclosed 
by a circle of a mile radius around it has been contoured at vertical intervals of 100 feet. 
Beyond the distance of one mile, the mean heights have been obtained from the altitudes found 
on the 6-inch maps. 
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HUNGRY HILL. 


PRINCIPAL TRIANGULATION. 


North Side. 














Number of Sector, 



















































































Number 
of H 
Circle. I 2 3 | 4 | 5 | 6 | 7 | 8 | 9 Io | II 12 | 13 | 14 {| 15 16 17 18 19 | 20 
— 
1— 2| 1950 | 2020 | 2060 | 2120} 2120; 2150 2160 | 2160| 2160 | 2170 | 2180 | 2190 | 2200] 2200 | 2200] 2210| 2210 | 2220| 2220 2170 | 43070 
2— 3} 1780} 1930 | 2000 | 2050 | 2100 | 2100 | 2120 | 2120 | 2130 | 2150 | 2150 | 2160 | 2150} 2150] 2120] 2070| 2050 | 2050 | 2050| 1950] 41380 
3— 4| 1700} 1840 | 1910 | 1950| 1970 | 1970 | 1980 | 2000 | 2050 | 2120 | 2130 | 2140} 2130] 2120| 2100] 1950| 1800] 1700] 1730] t730| 39020 
| 4— 5 | 1580] 1690) 1790] 1850] 1850) 1850 | 1840! 1850} 1890; 1950 | 1990 | 2060 | 2050 | 2000| 1900] 1750] 1610] 1500] 1450| 1500] 35950 
g— 6| 1360] 1600 | 1730} 1750| 1750] 1700| 1610} 1610 | 1650; 1700 1750} 1800 | 1820| 1820] 1700] 1500] 1250] 1200 | 1210] 1350] 31860 
6— 7/1200) 1510| 1690} 1650] 1550/ 1450] 1410] 1400] 1410] 1490] 1550] 1600) 1620} 1620] 1510} 1350| 1130] 1120] 1130] 1230| 28620 
7— 8| 1200] 1500; 1490] 1420/1350] 1280} 1200/ £150] 1200 | 1250] 1310} 1400| 1520} 1520| 1450} 1409| 1320] 1150/1 1150/1150] 26410 
S— g| 1300/1390} 1290] 1200} 1100] 1110} 950} goo! gto} 1020] 1130} 1260) 1450| 1500] 1520/1550} 1450] 1300| 1200| 1000 | 24530 
g—10| 1180/1220; 11001 g70| 860; 760} 690{ 690} 740} 820| 980| 1200! 1400] 1550 1640} 1620| 1540| 1400] 1090} 800 22250 
IO—I1!1170/1100| goo! 770} 700) 530] 400] 400] 500] 660! goo} 1150} 1400] 1620/1730) 1730] 1610) 1400] 950] 300] 19920 
II—12|1300,1170| 960} 800} 650| 500} 380} 380] 450}; 650} 950) 1200] 1600| 1650! 1750/ 1750} 1630; 1350| 1100; 650) 20870 
I2—13!1350/1350/1130| 900| 630] 7o0| 700} 500} 400] 550] go0/ 1150/1550) 1620] 1700| 1700 | 1600} 1350) 1200; 700| 21680 
13—I4|1350;1150! g00| 700} 7oo}] 700] 450] 200] 150] 150; 510] 860) 1050/1100] 1150) 1500| 1500; 1200] 1100] 600/ 17020 
I4—15 a ee 930| 960} g60| 1000| 1000| 1000} 800] 550! 350] 300] 500} 800] 1200/1550] 1400/1300] goo} 200] 18200 
15—16| 1600; 990} 1060] 1200! 1400} 1500} 1500] 1600) 1500/1000, 600; 350| 500] 600] 950) 1330] 1150] 800) 800} 480] 20910 
16—17| 1370 | 1050 | 1530} 1850| 1900} 1000 | 1000} 1600} Igoo| 099}; 400} 300! 70; I00| 630/r11r0| goo! 485] 800] 650| 19645 
17—18|1750| 950| 1600] 1920/1250} 1000] 420] 500; 500! 400! 350} 300! 50] I00/ 620/ 1190] 960} 500; 700} 350] 15410 
18—19/1500| 500] 1420| 1240/1700) 1715/1500} 1050; 300] 250] 330] 360; 25} 160] 780/r1150}1200| 800} 300} 170! 16450 
Ig—20| 980} 500/1180] goo] 900} 1240/1400, 1500, 880/ 600} Ito} 95! 70) 360{ 775|1200/ 1600/1090; 470] 330/ 16180 
20—-21| 850) 490] 330; 130] 160} 400] 750] G50|/ 450] 300] I00| I00!} 50} 930) 940) 131011840; 1450/1300] 490| 13120 
21—22| 620] 120] 80} 45 z0o{ 240] 100; 60! 30) 20} 90) 140) 200] 400] 920] 760] 1690/1080]. 930] 7545 
22—23| 280[ 220) II5 75|— 7o|— 60 30 50| IT00| 300; 520| s80| 720] 340|1100| 1500] 1500j 1500] rI00 10030 
23—24| 140 —130 |—120|—120|—130|—120/—100/— 70; 80] 200] 180] 300] 770} 975}; 1035| 1600] 1700/1000] 800] 8780 
24-25] 40 |—150}—140|—120 30|— 80 — 70; 80) 330] 700; 880) 1400] 1270] 1040} 670] 450] 6890 
IUNGRY HILL. South Side. 
Number of Sector. 
Number 
of H 
Circle. | 2 3 | 4 | 5 6 | 7 : 8 | g9 | 10; ir | 12 | 13: | 14 | 15 | 16 | 7 | 18 | IQ | 20 
I— 2| 1960] 2020 | 2060 | 2100/2140 | 2160 | 2180/ 2180 | 2180 | 2180 | 2150 | 2120 | 2110 / 2100 | 2070 | 2040 | 2040 | 2040 | 2040 | 2100 | 41970 
2— 3] 1740] 1860| 1960 | 2080 | 2120 | 2140 | 2180 | 2180 | 2150) 2150 | 2140 | 2120] 2100] 1970] 1900] 1810} 1700] 1610] 1610} 1750 | 39270 
3— 4[|1550| 1790| 1920 | 2050 | 2120} 2160] 2160 | 2186 | 2180 | 2150 | 2160 | 2100] 2100/ 2050 | 1980] rg10| 1730 | 1550] 1300| 1400| 38540 
4— §| 1400] 1600} 1800] 1960 | 1960} 1900] 1860} 1850] 1850} 1850} 1860] 1880} 1940} 1950] 1930] 1780] 1580| 1350| 1070] 1180] 34550 
5— 6| 1200] 1350| 1600 | 1700 | 1650 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 1610 | 1680 | 1760 | 1760} 1660} 1410 | 1150} 1000| 1200 | 30330 
6— 7| 950] IITO!| 1430} 1350| 1300} 1280 | 1290] 1300] 1280 | 1250 | 1300] I410| 1440 | 1500 | 1500| 1450 | 1220| 1050| 1050 | 1200 | 25660 
7— 8} 800; 980) 1200] 1060| 1000; 990} 1000 | 1040 | 1030} 980| 1000 1080 | 1190| 1280 | 1330] 1330] 1200] 1010| goo] 1120 21520 
8— g| 650); goo 980| 870| 780} 800} 820; 840} 830] 830] 790} 790| g00|  T100|14r60| 1180] 1150} 950] FIO} goo 17930 
g—10| 520; 750| 800} 680} 640} 650| 670| 660} 660) 650| 600 620| 720} 800| goo/ 1050/1120] 920| 620| 650 14680 
1o—I1r| 520| 570] 560} 440] 420] 460] 460) 480] 480] 470} 460] 450) 470; 580] 730} 850] 990} 920] 650] 320] 11280 
II—12| 750 360] 400] 350} 310] 310] 330} 330] 300] 300] 300] 300| 310] 380/ 500) 620} 750] 820 720| 320] 8760 
1213/1050] 300; 300 260} 200/ 200] 210/ 210] 200} 200] 200/ 200] 200] 200] 250} 310! 530] 650] 720| 320| 6710 
13—14| 1050] 400) 300 180} 150] I50] 150} 150] 130] 120] Io0|{ Io0/ 120] 150] 180} 180} 200] 300] 550] 350) soro 
14—15| 950| 680) 320) 200} 130] 120; 120} roo 100) 150] I50} 150] 250] 350] 3770 
1s—16| 720| 7oo} 250] 130} 75} 50) 80| 100 20} 50] r10| r45| 2430 
16—17] 780; 370} I50/ 35 — 60/— 7o|— 80;— 90/— 60 70| 1445 
17—18|1220| 270] I10 Io} 60| 7o0| 60 = 60|— 60|—100|— 70 — 70 20| 1820 
18—1g 1000] 2001’ 25 20 20 45 80 30 |—-120 |-—120 | 140 |-— 130 —140 |—140|—120|—~ 80/— go 30 1450 
19g—20] 540] 120 79; 400; Too; 30 — 90 |—100 |-—140 |— 150 | —150 |—150 |—150}—140 |—140/—140/—100] 40] 1300 
20—21{| 480 Go go} 400; 300 70 80 |— 80 |—150 |—160 |—160 |—160 | — 160 |—150 —150 | —140 |—130 | — 140 |~—120 30; 1510 
21—22] 300 250 650 75 ;— 80|— 90|—150 |—180 |—170 |—170 | ~~ 160 | —160 |— 150 |—150 | —140 | ~140 |—150 | 50 20; 1295 
22—-23}] 350 30} 300) 00 |—100 |—150 — 180 |— 180 |—180 |—~-170 |— 120 |—~ 100 40 60} 100 50 — 140 40} 1070 
23--24| 580] 200 — 160 |—180 |—190 |—-190 |—180 |—180/— go] I50/ 500] 850] 750] 350] Foo; 650} 450] 220 5400 
24—25| 700] 250|—100|—180 |— 180 |—180 |—190 | —190 260} 300} 200| 100] 100] 40) 80] 240] 200] 415 2885 
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| On account of the steepness of the ground on all sides of the Station, it is necessary to 
calculate the corrections (a), page 627; they are found to be— 
For the North side. .... 10, 35, 80, 175, 360, 510, 560, 560, 635 
For the South side ..... 55) 140, 105, 270, 510, 840, 1130, 1345, 1510 
After correcting the quantities H H’ in the table by these quantities applied with the positive 
sion, we get— 


H, — H’, = 1055 H, — H’, = 1305 H, — H’, = 4320 
B=. i, = 2005 H; — H’, = 1380 Hs — H’s = 5815 

AY, = WY, = 455 H,; =A H’, = 2.630 . H, — Hi’, = 6695 
K = 232650" | K’ = 56135 D = 1480 2D’ = 10500 


The deflection resulting from these quantities is— 
000023574 X 2272 + 0-00001817 x 176515 + O-00001156 Xx go20 | 

which amounts to 3-847. | 

In Plate XXIV., H is the Station on Hungry Hill, adenmr is the circle of 9-5 miles radius 
within which the attraction has just been determined. With a radius of 28 miles describe the 
circular arc bepq, and with a radius of 50 miles the circular arc wsy. Draw the following lines: 
(1), abg making an angle of 10° with the meridian, and mp in the same straight line with abg; (2), 
vu and zy making angles of 35° with the north and south meridians ; (3), ngs making an angle 
of 60° with the meridian, and cd in the same straight line with nqs ; (4), 47 making an angle of 60° 
with the south meridian ; (5), ef making an angle of 65° with the north meridian. The mean 
height of the space abed is found to be 600 feet, but as the greater height is in the centre of the 
space, and the ground is low within a mile and a half of the inner limit ad, we shall adopt 450 
feet as the effective mean height. The space dguv, consisting of land and water, may be con- 
sidered to produce no sensible effect. The mean height of the space abgefis to be taken at 400 
feet. The spaces fengs, ngmp, and cdrh may be. neglected as producing no sensible effect. 
The depth! of water in the space pmrh may be taken at 40 fathoms, and the depth of water in 
the space sgay at 65 fathoms. The space to the west of the lines wechay being covered with an 
even depth of sea, requires no further consideration. 


The calculation of the disturbance up to 50 miles will therefore be as shown in the following 
table :— 





| 
Space. ho a! | a, | r r Deflection. 





























abed 450 | 10 300 28 9°5 0° 596 





making altogether 1’"-549, which has to be added to the quantity 3-347 previously determined. 
We have thus, by extending the calculation to a distance of 50 miles, obtained a deflection to the 
amount of 5”-396 to the north at Hungry Hill. | 


654. PRINCIPAL TRIANGULATION. 


This determination cannot be considered so satisfactory as those for the Stations previously 
considered, as the want of a sufficient number of altitudes on the maps throws some uncertainty. 
upon a few of the estimated mean heights. But the error of the determination can scarcely 
amount to a quarter of a second. 


Forth Mountain. 


This Station is situated in Sheet 42 of the County of Wexford. In the vicinity of the 
Station there are very few altitudes marked on the map, and the mean heights cannot be well 
determined within the 5000 feet circle; there are, however, sufficient altitudes to show that 
there is little or no disturbance within this circle. The mean heights of the compartments from 
the 10 to the 24 circle are as follows :— | 
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FORTH. | North Side. 


Number of Sector. 





FORTH. . South Side. 
= | | ae | | eee SO Se Pe Re a ee 


Number of Sector. 





10—r1] 530 | 620 | 640 | 640 | 640 | 630 | 600 | 540 500 | 480 | 470 | 470 | 460 | 450 | 430 | 410 | 390 | 370 | 380 | 450 | Io100 
TI—12 440 | 580 | G20 | 590 | 530 | 510 | 500 | 500 | 470 | 420 | 410 | 420 | 420 | 410 | 400 | 400 | 380 | 350 | 360 | 410 | 9120 
; 430 | 500 | 540 | 545 | 450 | 430 | 430 | 420 | 410 | 380 | 380 | 4oo | 390 | 405 | 400 | 390 | 350 | 325 | 340 | 350 | 8265 
po i4 390 | 415 | 470 | 480 | 430 | 400 | 360 | 360 | 365 | 360 | 340 | 340 | 360 | 370 | 390 | 390 | 350 | 320 | 320 | 325 | 7535 
age 315 | 345 | 370 | 430 | 390 | 370 | 340 | 300 | 300 | 290 | 280 | 290 | 300 | 320 | 350 | 320 | 300 | 300 | 310 | 300 | 6520 
oe 300 | 270 | 280 | 340 | 340 | 300 | 270 | 230 | 230 | 240 | 240 | 240 | 240 | 250 | 270 | 240 | 260 | 270 | 280 | 290 | 5380 
1 27| 39° 265 | 260 | 255 | 255 | 235 | 220 | 215 | 210 | 205 | 200 | 195 | 210 | 230 | 220 | 220 | 215 | 210 | 260 | 250 | 4630 
14718 250 | 240 | 230 | 240 | 235 | 230 | 190 | 185 | 195 | 170 | 170 | 160 | 180 | 165 | 175 | 185 | 180 | 175 | 160 | 200 | 3915 
In 19 | 200 | 220 | 205 | 245 | 195 | 195 | 150 | 150 | 160 | 135 | 120 | 120 | 120 | 130 | 135 | 130 | 120 | 120] 75 | 155 3°5° 
| 42720] 175 | 150 | 175 | 190 | 185 | 145] 90] 95} 95} 80! 95 | 100| go} 95} 100) 95) Jo] 9°} 85) 70) 2250 
O—21] 170 | 140 | 125 | 135 | 150 | 105 70} 55| 501 60] 70} 75] 80} 75} 80] yo] 65 Go| 65} 40) 1740 





oa 22| $0 | 130 | 120] 125} 115} 85} 50] 35] 45] 50} 35) 50] 45| 55] 60] J5] 55] 45] 35 1360 
3.234 135 | 120} 95} 90} 95} 50} 35] 35] 15] 20] 35] 50] 60] Fo] 7o} 65] 55] 4°} 5 1120 
pen. 110} 130} 100} 85} 35] 15] 20] 15] 10 s{| 35] 55] ss} ss] 55] yo} 80} 65] 35} 10] 1060 
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From this table we obtain— 

K = 56790 K’ = 66045 
giving a deflection of — 0”-00001817 X 9255 = — o”. 168. 

In Plate XXIV. abcd is the 9-5 mile circle. Draw aek, dhl, making angles of 60° with the 
meridian ; 8/, cg, making angles of 40° with the meridian; and describe the circular arcs ep/; 
hmg with a radius of 24 miles. Draw also pq and mn, making angles of 28° with the meridian, 
and describe the circular arcs kg, Jn with a radius of 50 miles. . 

We may neglect the consideration of all matters to the east of the lines nmge, hfpq, and 
of all to the west of ak, dl. The effective mean height of the space eabf is found to be 
260 feet. The depth of sea in the corresponding space dchg varies from 10 to 35 fathoms; the 
effective mean depth may be taken at 20 fathoms. The effective mean height of the space 
ekpq is 510 feet, and the effective mean depth of sea in the corresponding space /iilmn is 37 
fathoms. Hence the following calculation, in which to the mean heights of the northern spaces 
have been added +; of the mean depths of the corresponding southern spaces :— 


Spaces. 


eabf, cdhg 





ekpg, himn 


The sum of these quantities is 17-303. This being applied to the quantity resulting from the 
conformation of the ground within the 9-5 mile circle, namely, — o”- 168, there results 1”-135 
for the deflection to the north at Forth Mountain. To this should be added the effect within 
the 5000 feet circle, but this cannot be stated with any precision. It would appear, however, 
that it 1s a very small quantity, if at all appreciable. t 


Feaghmaan— ~ 


This Station is inthe Island of Valencia, Sheet 78, County of Kerry.. As in the preceding 
case, the data for the calculation are insufficient to determine with accuracy the deflection due 
to the ground within the 5000 feet circle. But it is obvious that there is a considerable deflec- 
tion south, and by interpolating between the given altitudes the quantity — o”-91 was obtained. 
The mean heights of the compartments from the 10" to the 25" circles are as follows :— 


{ 
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FEAGHMAAN. North Side. 
Number Number of Sector. 
f 
Circle. H 
2 3 4 5 6 7 8 9 | 10 | rr | i2 | 13] 14 | «45 16 17 18 | 19 | 20 












































12-13} 3180} 180} 180] 180 150} rg0] 1§0}{' 150] 150] 50] 20} 120] 120 
T3—~14] 180! 3180} 380] 180] 180] x80] 120} 120} 3120] 120} 130] 130] 130 
TM4—151 190 190| 190] 190] I90} Ig0| I90] 190} 190; 390] 330] 130] 130 
3—16] 210| 210 210| 210} 210/ 230} 210] 210 150 Igo] 150 150 150 
16— 19 210} 210! 210] 210] 210} 210] 2r1of 210; 210; 210); 155 155 155 
17—~18} 23s} 21g} 215] a255| 215] 215] 215] 215] 180} 180) 3180) 180} 180 
18— ro 240} 240{ 240} 240] 210} 210{ 210} 210) 210; 210} 210) 210} I50 
I9—~ 26 240] 240| 240] 240} 240{ 240] 240] 240] 240; 240] 210} 210] 210 
20—21| 270] 270{ 270] 270] 270} 270] 270) 270 210 | 210} 210} 210} 210 
2I—~22/ 270| 270] 270] 270! 270{ 270) 270} 270] 210' 210}; 210) 210} 210 


120 120 120 120 
130 130 130 130 
130 130 130 130 
150 go go go 
1SSit 120;-+- 200/-+- 120 
180 450 550 
150 |—= 150 40} 380) 150] 25 15 | 610} 
210 I20|— 120 130 155 590 do 375 
120 120 120 IO{ 120] 250 | 100 | 480 
120 120 120| 200} 460] 545 | 500 | 1705 


POm= tr l——r45 |—145 |—145 |—145 |— go}— g0/— go/— 90|— oe go} 90: (== go |— ‘ple go; 90j—- g0i— 90 
MTm—12} orgs] 1g5| 155] 55] 355] 3x55| x55] 355] 155| 355] 310} 110 110 110 Ito : 15 20 35 





2224 210| 210{ 190] 180 150 130 | 50| 43°) 345 | 255 | 1080 

2324 210} 210} 90} I50 150 130 j= 120 195; 940 | 140 | 975 

174—~—25 210} 210; 180} 150 150 130 oe 540 |1205 | 275 {2020 
FEAGHMAAN. | South Side. 



















Number of Sector. 


30} 170] 350) 450) 350/] 250 200| 200| 200] 200] 180 150} 150 - ‘150 140 | I90] 270 | 350 | 450 | 4540 
30} 170] 300] 350| 250) 200] I50} 150] 150! 140} 130] 100} gO} 90; I00}| 130; 180} 250 | 350 | 450 | 3760 








gy 30] 170] 300] 300] 210; 200] 150} r00j 100} goj go| go|j 60; 60; 75] 110} I10]} I10 | 200 | 500 | 3055 
Wa i4 20} 130| 200] 200| 210| 200] I20| 100} G0; 50] 50! go} 25) 15!) Io 10 15 70 | 120 | 350 | 1995 
ts 2 20; 100] 150} 200] 250] 170] I20] so} 50} tro 50 | 150 | 1320 
1%. 16 100! 140] 250| 200] 110] 40| Io Io} 15 40 | QI 
ly. 100] 140] 150; 100; ro! To} 0} 35} 30| go] 50} r50| 60! 50 80 60 5 5 1215 
1278 —180/ 150] 120; Io| 10} 15] 80| Yo} 100} 150] 300] 350] 200) 140} I40}] 140 mo | 30 | 50] 10 | 2145 


19_.9|-215| 350] Too]; 10/ too} 160] 160] 160) 180) 250| 650} Goo] 700} 500; 600] 450} 120} 70 | G0} 30 {5250 
29. 70/250} 100} 100|—1s0|/—120| 150] 250] 250| 400] 750] 950] goo/1050|/1000; yoo} 650} 250] 120 | 80} 15 }7715 
ar! —270 |—240 |—180|—180|—150/—120] 400] 700] 500| 450!/ 400] 350} 350| 500} 250] 200 / 200] 350 | 80] go | 4820 


257% “-270 |-—-270 |--240 |——210 |——-210 |— 180} 150} 300 20] 300} 600} 200; 120 120 | 120] 300 | 150 | 200 {2580 
233 50| 550| Goo] 300|; 150 50 50] 150 | 90 | 450 | 2495 
24 24 120} 7oo} 200] go] 15 5 5 | 30 | 100 | 600 | 1865 

“ee 600} 350/—100}—100} —80| —7o | —50} 30 | 80) 450 | 1510 


40 
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From this table K = 9205, K’ = 45180, D = 37360, D’ = 3835, which gives a deflection 
equal to — 0”-00001817 x 35980 — -00001156 X 33530, or — 17-042. 
It is unnecessary to extend the calculation further, as the deflection becomes perpendicular 


to the meridian. 


Tawnaghmore. 


This Station will be found in Sheet 5 of the county of Mayo, at a distance of about two 
miles from the sea. The number of levelled heights marked on the map is not sufficient to enable 
us to calculate with any exactness the deflection close to the Station, but from the heights that 
are given it would appear that the disturbance due to the distribution of matter in the immediate 
vicinity of the Station, though decidedly to the north, cannot be large. We shall therefore 
neglect the consideration of the matter contained between two parallel] lines equidistant from the 
Station, running east and west, and of which that to the north is a tangent to the coast. The 
table then will be as follows, the depths being taken from the Admiralty Charts :— 
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TAWNAGHMORE. | | North Side. 


Number of Sector. 


— 90 |—II0 |—120 | —120 | —120 | —120 | 100 j— go 
—120] 120] 50} x50] 50} 50] 50] 50} 120]—~120|—r20 
—120 |—120 130 150 150 180 180 180 180 170 160 150 130 |[-——120 |—~- 120 
130| 130] 150] 360; x60} 185] 185] 385] 185} 370] 360] 160] 345] x30] 3125 
145 Iso} Go} 175{ 180} 200; 200] 200} 200] 180} 380] 180} rso0] 145 130 |—-120 
155; 360] 175} r80} 180; 210] 2ro| 210; zr10} 90} 380} 80; 160} x50} I40| 125 |—r120 
—47o}| 175} Bo} x80] 90) 220) 220] 220; 230] 210} 90] 190} x80] 355} 145] 130; 140 
180] 190} 210] 210} 210] 230] 230] 230] 235] 220] 205 190} 80} 170! 50} 40! I45 
21o{ 210] 230/° 210] 230] 245} 240} 240) 240] 230] 210] 90; 380] 170} 155] 145| 145 
240] 240] 2451] 250) 260] 260) 260; 260; 240] 240} 210] 90] 180} 170} 360| 150] 145 





















































TAWNAGHMORE. fe. % os ms | South Side. 
Number of Sector. 
Number | 
of | H 
Citcle. | y | 2 | 3 | 4 | . | 6 7 c | 9 ! ro | rm { 12 | 13 4] 34 | 15 | 16 | 17 | 18 | 19 | 20 
l ! | | 

15—16 | 100| 220 | 200 | 200 | 200 | 200 | 180 | 150 14.50 
16— 17 | 180 | 250; 180| 180 | 180 | 160 | 180 | 200 | 200 | 200 | 180 | 160 2250 | 
17—18 | 30 | 100 | 160 | 200 | 160! 140 | 180 | 140 }| 150 | 150 | 200 | 350 | 490 | 600! 480 | 150 3680 
18—19 100 | 70! 150} 170 | 130, 130 | 150 | 150 | 250 | 280 | 300 | 600 | 800 | r000{} 600 | 700 5580 
1920 | 70; 90| 55 | 70 | 100] 120: 140 | 180 | 250 | 400 | 500 | 400 | 500 | 500 | 700! 700 | goo | 560 6235 | 
2O0—21, 100 | 80 50! 100 | 110} 160! 160 | 300 | 500 | 650 | 580 | 470 | 450 | 500 | 700! 700 | 700 | 850 7160 
2I—~22 60 {| 60] I10 | 150 | 4oo 409 | 400 | 400 | 600 | 650 | Goo | 500 | 450 | 450 | 400] 460 | 550 | 850 | 200 | 7690 
22—23 75 | 150 | 300 | 400 | 900! goo: 800 | 500 | Goo | 520 | 500 | 500, | 400 | 380 | 380] 550 | 650 | Foo | 250 | 9455 
“3-24! 50] 90} I40 | 230 | 700 | 800 | 1000 950 | 750 | soo | 400 | 450 | 360 | 350 | 350 | 370| 650 | Goo | 600 | 350 , 9690 
24—25|280] 250 | 70 {| 801 270 | 350 | 500 640 | 560 | 380 | 320 | 330 | 330 | 330 | 370 | 440] 480 | 650 | 430 | 250 | 7310 


| 
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K=o0 K' = 60500 D = 28320 

We have, therefore, the deflection due to the matter with a circle of nine miles anda half, 

equal to— 
— -00001817 X 60500 — -co001156 x 28320 
= —~ 1-406 

At the distance of about seven miles from Jand, proceeding northwards, the depth of the 
sea ls pretty evenly 4o fathoms; it increases gradually and evenly, and at 60 miles it is between 
60 and 70 fathoms: the effective mean depth may be taken at 50 fathoms. On the north side of 
the Station, extend the series of circles already drawn, by eleven more, and produce the radii: 
then, neglecting all matter to the left of the meridian of 10° West Longitude (which passes 
through the north-west corner of Mayo), we find that 160 compartments are covered with a mean 
depth of 50 fathoms of sea: thus the effect of the sea to the north is to produce a deflection of 
— 0”- 00001156 x 160 x 300 =0”-555. On the south side (Plate XXIV.) draw with a radius 
of 27 miles the circular arc defy, and with a radius of 50 miles the circular arc hk: cgk is 
inclined at 80° to the meridian; bf at 32°; eh at 27°; and ad at 36°. The effective mean height 
of the space abdf is 380 feet, of the space befg 130 feet, and of the space ehgk the effective mean 
height is 270 feet. 


Deflection. 


0°193 


9°5 0°027 


27°O O° 104 





The sum of these quantities is 0’- 324, which added to 0”+555 and 1-426, give 2” 305. 
for the deflection, to the south, at Tawnaghmore. ‘To this should be added the disturbance due 
to the configuration of the ground within two miles of the Station. This would diminish the 
above quantity, but by how much cannot be precisely stated. 


Ben Hutig. 


This Station is within a mile and a half or two miles of the sea on the north coast of Suther- 
landshire. In a south-by-west direction from the hill, runs a ridge of high ground called the 
Moin. ‘To the west this ground slopes down gradually to Loch Hope, a long and narrow fresh- 
water lake lying parallel to the ridge, and on the east the ground falls gradually to the Kyle of 
Tongue, an inlet of the sea, which also lies parallel to the same direction. This ridge extends 
southwards about ten miles, where its regularity of form is interrupted by the abrupt masses of 
Ben Hope and Ben Loyal, of which the former exceeds 3000 feet in height. The width of the 
Moin is about five miles and three quarters; the breadth or base of the eastern slope may be 
taken at three miles, that of the western at two miles, leaving along the summit a horizontal 
plane of about three quarters of a mile in width, the height of which is very uniform, and 750 
feet above the sea. ‘The regular form of this piece of ground enables us easily to estimate its 
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effect upon the plumb-lne at Ben Hutig; but it is impossible at present to extend the calcula- 
tion any further on the south side of the Station. In the immediate vicinity of the Station there 
is not much irregularity, and within the 5000 feet circle the deflection must be very small: from 
an examination of the ground, unaided by instruments, it is difficult to say whether it would be 
to the north or to the south. If a straight line be drawn east and west, at the distance of a 
mile and a half south from the Station, it may be assumed that the deflection due to the con- 
figuration of the ground to the north of this line is very nearly zero. By sketching in upon a 
map the contours of the ridge of ground described above, and drawing a series of. circles such 
that 5 7,4, , = 67,,—the radial lines being asin all the preceding cases,—we find the following 
mean heights :— 





Number of Sector. 
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Circle. 1/2 {3 | 4 : 5 | 6 | 7 | 8 | 9 | TO} Ir | i121} 13] 44] 15} 16} 17 | 18 | 1g 20 
| : 620) 

to 360'| 500! 710 | 700! 700 | 670 | 650 | 620) 500| 270 

2— 3 300 | 750| 750 750 | 710 700 | 670 | 650] 610| 580! 550! 530| 500! 220 

3— 4 4201 720| 750|750| 750} 720| 700; 650 | 620| 580] 550; 500] 450| 400} 350 | T50 

A— 5 150} 510 | 680} 750| 750; 750| 720 | 700 | 650 | 600 | 550 | 490 | 450] 380] 320] 250 | 200 | 100 

5— 6 150 | 380 | 600 | 720 | 750 750 | 720 6go0 | 600 | §50/| 500] 450 | 350] 280] 220! 150 

6— 7 50 | 200; 450 | 630| 730] 750) 720 | 690 | 600 | 520} 450 | 350) 210} 150} 100 

7— Sj 50 | 250] 500} 650 | 7501 730 | 690 | 600 | 500 | 400 | 210; 100 

8-— 9 260 | 510! 700| 750| 710 | 600 | 460 | 300 | 120 | 

g—I0 350 | 660 | 750 | 720 | 600 | 420 | 200 

IO—II 300 | 720 | 800 | 740 | 620; 410! 150 





The sum of the heights in this table is 63750, and the corresponding deflection is therefore 
00002714 X 63750 xX loge 3 = 1370 
to the south. | 

We must next consider the effect of the sea to the north of the Station. The depth of the 
sea is, at the distance of three quarters of a mile from shore, about 20 fathoms ; the line of 30 
fathoms depth runs between three and four miles distant from shore. At ten miles north from 
the Station the depth ranges between 30 and 4o fathoms; and at the same distance north-east 
the depth is about 45 fathoms, Twenty miles north is the Whiten-head Bank, where the depth 
is in some parts as small as 25 fathoms. 

In Plate XXIV., U is the Station, abcd a rectangle having its sides parallel and perpendicular 
to the meridian: the side ad is 50 miles distant from U, and cd is 5 miles; the lengths of these 
sides are 36 miles, U being opposite to the middle point of cd. ‘The mean depth of water covered 
by this rectangle is 35 fathoms. 

By the formula (3), page 578, we have the attraction of this mass, or rather its defect 
of attraction— 





cot } 
= 2 xX (1 — 2-75) xX 210 x log, (<<) 


and the corresponding deflection by (1), page 576— 
12°447 X 1:75 X 21 cot 3 4 
55 x 528 x -4343 0°" (corte 


cot + ¢ 
=— 0-725 log,. (Sry 


=-—-—2x 
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Now the angles > and 4’ are 15° 30’ and 70°, which makes this quantity = — 6”.516. 

A second and smaller rectangle may also be taken into account, covering a mean depth 
of about 22 fathoms. ‘The outer side of this rectangle coincides with cd; the inner side is parallel 
to it, and two and a half miles distant from the Station U; thus the heridioual dimension of this 
rectangle is 2-5 miles, and that perpendicular to the medias is 16 miles. ‘Taking the depth 
as 130 feet the deflection will be— : 

‘. (cot 4 
= — 0-449 log,, ( cote) | | 

The angles > and 4’ are 17° 30’ and 32°, which makes this quantity equal to — 0”. 121. 

Adding together the three quantities we have obtained, they amount to.2”-007; to this 
should be added the deflection due to the mass of the county of Sutherland generally’; but at 
present there are not sufficient data. We know, however, that the deflection south must certainly 
" exceed 2-007, 


Cowhythe. 


It has been shown in the volume of the Ordnance Survey containing the “ Observations 
for Latitude made with Airy’s Zenith-Sector” that the deflection observed at Cowhythe is very 
large, and probably greater than can be accounted for satisfactorily. At present there are no 
sufficient data for calculating exactly the disturbance, but we may endeavour to ascertain a 
limit which it cannot be supposed to exceed. . 

The Station is on a small flat-topped: hill, or hillock, the height of which i 1S : only. 2 56 feet 
(by recent levelling) above the sea. To the north, the ground slopes down gradually for 200 
yards, and then falls, somewhat abruptly, to the sea, which is within a quarter of a mile from the 
Station. ‘To the south, east, or west, the ground is flat for about 200 yards round the Station. 
At about three quarters of a mile south, the ground reaches the level of about 100 fect above 
the plane of the sea; the country then rises gradually in a southerly direction, and attains at 
the visible horizon—about seven miles distant—a height of about 500 feet. In a south-south- 
west direction the ground does not rise regularly to the visible horizon. At a distance of three 
miles is a piece of rising ground, in horizontal extent about 15° or 20°, and exceeding Cowliythe 
in height by something under 100 feet. In the same direction, and about seven miles distant, 
the height of the furthest visible ground is about 700 feet; a little to the west of this is Knock 
Hill, eight miles distant. Although this hill exceeds 1400 feet in height, yet its horizontal 
extent is so small that it can produce no material effect on the latitude of Cowhythe. In the 
south-west direction, and between one and two miles from Cowhythe, the ground is from 100 
to 150 feet above the sea; thence it rises gradually, and at the distance of Knock, and imme- 
diately to the right of it, attains a height of 650 feet. 

In the south-east direction the ground falls for about three quarters of a mile, then rises, 
and attains at the distance of a mile and a half a height of 350 or 4oo feet; at two and a-half 
or three miles it falls to 150 feet. Alva Hill, about 650 feet high, is six miles distant in this 
direction. Manor Lee, 770 feet high, is seven miles distant in a south-south-east direction from 
Cowhythe. 
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To the north, the line of 20 fathoms depth is about two miles distant from shore, the line 
of 30 fathoms between three and four miles. Eight miles north or north-east the depth is 


- between 40 and 50 fathoms ; this depth continues to the distance of about twenty miles. Ata 


greater distance north or north-west the depths diminish, and are between 20 and 30 fathoms. 
The effect of the sea to the north of this Station will therefore not be much different from the 
effect of the sea at Ben Hutig; we may say that probably it will not exceed 0”-7. The 
disturbance produced by the configuration of the ground within a circle of one mile round the 
Station will be to the south, but cannot exceed 0”-5. 

If we suppose the height of the ground at the distance of one suite from the Station to be 
100 feet, and that it rises regularly in every direction (not to the north) until it attains at the 
distance of seven miles an altitude of. 700 feet, the deflection calculated on this assumption 
would exceed the truth, but would not be very far from it. The height 2 of the country at any 
distance 7 would be 2 = 1 7, and the deflection would be— 


5238u 
mx {*7 
6". ef 
223. Le 1 


—— cos 6 d@ dr 
SO 





ve, OR 6377-23 
52 £98 


This quantity probably exceeds the true deflection, that is, what would be obtained from 
the actual contours of the country between the distances of one and seven miles from the Station. 

Proceeding in a direct line south from-Cowhythe, at the distance of ten miles the height 
of the river Deveron is 250 feet above the sea. At Huntly, 17 miles from Cowhythe and a little 
to the west of south, the height of the same river. is’ 400 feet, and six miles south of Huntly its 
height is 500 feet. “Thirty miles south, j in a direct line from Cowhythe, wé come upon the river 
Don, of which the height is, at that point, 450 feet: following hence the course of the river 
westward, at five miles its height is 550 feet, at ten miles 750, at fifteen miles its height is 1000 
feet. The source of the Don is about forty miles south-west of Cowhythe, and is at the altitude 
of 1600 feet. The altitude of the Dee, forty miles south of Cowhythe, is about 300 feet; at 
Castletown of Braemar, fifty miles south-west of Cowhythe, its altitude is over 1000 feet above 
the level of the sea. In the neighbourhood of Braemar are the highest points of the Grampians, 
many of them exceeding 4000 feet. 

_ In general, | then, the country rises as we proceed south, but still more in a south-west 
direction ; in the south-east direction there is nothing remarkable in the height of the country: 
it may not exceed in the mean 400 feet. 

_ In order to make sure of not underrating the probable deflection, let us suppose that between 
the distances of seven and twenty-five miles from Cowhythe, and between the directions of west 
and south, the height of the country is 800 feet, and that between the same directions, and between 
the distances of 25 and 50 miles, the mean n height i is 2000 feet ; the deflection would be—formula 


(2), page 628— 
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Between the directions of south and east, and between the distances of seven and forty-two 
miles, suppose the mean height as much as 500 feet, then we shall have to add to the preceding 
quantity 

1-35 lor 6 = 1/0 
making altogether 3-8. We have also estimated,—for the sea o’’.7; for the immediate vicinity 
up to one mile distance, 0-5; from one to seven miles, 1-43 the whole estimate is therefore 
6”-4, and this quantity is certainly greater than would be obtained if we had sufficient data : 
probably it would be found not to exceed 5-0. 


Summary. 


We may sum up the results of this Section in the following table :— 





Cowhythe» + > 





Distance* to which 





Stations, Deflection. Calculation is carried. Remarks, 

Dunnose. + - ; — 0°54 Twelve miles . Determinations satisfactory. But. by extending 
| Boniface - . : + 2°42 . 7 the calculations, each of these deflections would 

Week Doin ; + 1°98 i oe a small + correction due to the mass of 

Port Valley - “], aeaegs — ngland to the north and the English Channel 

1 ” to the south. 

Clifton - - » | —o'go | Light miles . . . | Determination satisfactory. Thero are not suffi- 
| cient data for extending the calculations. 

Burleigh Moor - -| —4*55 | Forty-cight miles Determination satisfactory. 

Calton Hill - -| — 3°57 phere and a half | Determination satisfactory. 

miles. 

| Lough Foyle+ - ~| —4*o2 | Fifty miles . . | Determination satisfactory. 

Kellie Law + - -{ -+-- 2°08 | Nine and a half miles | Determination satisfactory. 

Monach «+. .» of ocg7 [| cease ; | Determination satisfactory. 

Ben Hutig + - -| —2:o1r | Fifty miles north and | Determination tolerably satisfactory: by extend- 

ten miles south. ing the calculation the amount would be in- 
ereased. 

Hungry Hill . z + 5°40 Fifty miles . . . | Determination satisfactory. 

Forth »« . +. . ~| + 1°13 3» 99 « «+  « | Determination tolerably satisfactory. 

Feaghmaan + - - | — 43°95 | Nino and a half miles | Determination not quite satisfactory. 

Tawnaghmore -| — 2:30 | Fifty miles . . . | Determination not quite satisfactory. 


Not sufficient data for this calculation, but the 
deflection may be about — 5°03; certainly not 
amounting io — 6"°0, 


* It is difficult to know where to stop in these calculations. I have assumed fifty miles as a distance probably 
sufficient, but in some cases the result would be modified by extending the calculation to a still greater distance. 
There is, however, some uncertainty as to the propricty of going beyond this, especially when there is sea on the one 
side and land on the other. The final results in the following Section may, perhaps, throw some light on this 
question. —A.R.C. 
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SECTION XII, 


DETERMINATION OF THE SPHEROID MOST NEARLY REPRESENTING THE 
SURFACE OF GREAT BRITAIN AND IRELAND. 


§ 1. 


Wuen a number of astronomical observations for latitude have been made at each of a 
series of Stations, we may deduce the final results by one or the other of two methods: we 
may either determine the latitude of each Station by means of the observations made at itself, 
and assumed mean declinations of the stars, without reference to the observations made at the 
other Stations; or we may obtain differences of latitude which shall be independent of any 
assumed mean places of the stars,—and using these differences, make the absolute latitudes 
such as will agree best, upon the whole, with the results derived from the former process. 
Thus, suppose by the former process that we obtain the independent results a,, 4,, 4,, -++* Aq 
for the latitudes of the Stations, and suppose that by the latter we obtain the successive 
differences of latitude (or amplitudes), @,, @,, @,, -+++* @,_,, which are independent of the errors 
of the assumed mean declinations, and let 2, 7 + 4,, x +a,,----a+.a,_, be the latitudes, 
then a may be determined by making (4 — a, )? + (« +a,—A,)? + (a2 +a,—A,)? + --- 
(v-a,,—A,)? a minimum. Thus the absolute latitudes will rest upon the whole of the 
assumed mean declinations, but the differences of latitude will be independent of them 


altogether. 
In the first method, if ¢,, ¢,, ¢,,---+¢; be the errors of the assumed declinations of the stars 
used at a Station, 2,, 2,, 2,,----m; the number of times they are observed, respectively ; the 


error in the finally obtained latitude will be— 
2, & + 1,8, +7; 2, +o 3 2; 8; 
1 Pl ale tis wile LS Ot a aL 

or if ¢ be taken as the probable error of an assumed mean declination, the probable error of the 
latitude will be— 
: Mt Nz tn, terse 2; 
If we suppose the stars to be observed nearly the same number of times each, then 7 being the 
number of stars observed at the Station, the probable error of the latitude will be «+ V 7. 

In examining the results of the observations for latitude made with Airy’s Zenith Sector, 
it was found that stars north of the zenith generally gave the greatest, and stars south of the 


zenith the smallest, resulting latitudes. The cause of this discrepancy appears to have been 
42 


° & 
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the pressure of the upper pivot screw upon the revolving frame of the instrument, which, by 
compression, disturbed the true ratio of the radius to the divided arc. Since the discovery of 
this source of error, the upper pivot screw has been used with less pressure; and although the 
same degree of precision is not found in the Zenith Points, yet the difference between the results 
given by north and south stars has almost entirely vanished. | 

All zenith distances, (not including those at Arthur’s Seat) resulting from observations with 
this instrument have therefore received a correction of the form -+- « z, where « is a quantity 
constant for each Station, and determined by a comparison of the latitudes given by well known 
north and south stars. The determinations of these corrections, which vary at the different 
Stations from 0”-038 to o”+308 for each degree of zenith distance, are liable to considerable 
probable error; but it is to be remarked, that as stars are generally observed equally on both 
sides of the zenith, the effect of any uncertainty in these quantities will be neutralized in the 
mean resulting latitudes obtained as in the first process mentioned. 


§ IT. 
Observations made with Ramsden’s Zenith Sector. 


It has been found necessary to revise the calculation of the results of the observations 
made with Ramsden’s Zenith Sector, in consequence of the corrections obtained from a 


micrometric examination of the divisions of the limb having been applied in the printed volume | 


with a wrong sign. Of the existence.of this error, which had been long suspected, no proof 
sufficiently satisfactory to justify the alterations now effected could be obtained, until it appeared 
by a communication from Professor Peters, of Altona,* to the Superintendent of the Ordnance 
Survey, that the corrections determined by the late Professor Schumacher were opposite in sign 
to those printed in the volume of 1842. 

By changing the signs of the corrections, the observations have been in general improved, 
and discrepancies diminished. 


The following table of corrections for collimation errors is to be substituted for that given 
at page 132 of the “ Astronomical Observations made with Ramsden’s Zenith Sector.” 





* © According to Professor Schumacher’s chservations, the signs of corrections given in the table page 2 of the 
“work ‘Astronomical Observations made with Ramsden’s Zenith Sector.—London, 1842,’ are to be inverted. At the 
“ right hand of the limb, for instance, is, according to Schumacher’s measurements, the interval between 4° and 4° 5’, 
= 5" 54°55, and between 4° 5’ and 4° 10, = 5” 24°72. The mean value of an alee is 5° 4**50. Accordingly, the 
“ correction for 4° 5’ is nearly 1°05 greater than for 4° 0’, and for 4° 10° pnceny 1°77 less than for 4° 5’. But in the 
“table above mentioned the corrections are given as follow :— 


° a a“ 
4. 0, correction — 0°05 
4 § 2 — 1°T7 
4 10 39 + O° 36 
“contrary to those found by Professor Schumacher.”—Luxtract from the letter referred to above. 


wosieche ee . Pn at. 


Be Sg eo, aes = 
ene creme ee 








GEODETICAL RESULTS. 
667 





* 
3 $ ae + l t lé@ 
bd y +] . 1 
1813 Dunkirk, 1818. 

































































D Sector 
ate. Face. Date. eae 
| pee | es Date. peel c Isecto 
apie ag ee +4° 344 Tul “ = as "Face, Hater. ee 
13} W 1+4°34* y ». 20 W +3°2 May , : | Face. 
oO heen ax} B im336] ao) Wer oe Oeiioe ay eae Pei 
19 | W — 23 E Sore June . 1] EF een 4| W + 2°83 ctober 19 W |+2'°&9 
a1| KE l—4' » | W 1 +3°66* » | W 1+3°03 5 ) {~2°89 20 E — 2°94 
34 26 , ‘ 2 S [4° ” W 14+42°8 ” W 1+3°2 
. » | W +3787 ome eae ae io 6) E a 21) E <3 
: 22 i —4°Q1 ” W + 3°13 3 iy —3° 24 W i= 2 84 22 E —3 19 
23 E —3°8 28 BE —3°8r ” W + 3°81 ” \ | + 3°00 4“ {3 13 | 
2 i ae 9 W 5° 4; BE |-—1° 7; E i—3° » | W ]+2° 
4 E —3 87 ” +3 o6 - I 39 W 3 Ot 23 E 94 
apes ol ay ie sas Ole ee. | B [292 W [+301 
25 VW + = ” + 3° oO 7 ~1°60 4 — 92 ” , ade I 
a0) Woleaos go| W [43°94 » | W [+ 2tost of eae ah) 898 
3! E —_ ) BO = 3° 9 —2°78 " + 3°61 
3°81 Ww 45 , W ; 25, 5 ‘ 
A ” W +.4° 31 ” + 1°99 ie D +3 00 W ~3. 13 
Dunnose, 1802. ugust 1} E |—4"31 ig eth haa av lee pe ee ieee 
” W + 2°70 iid W + 1°50 I Mf + 3°13 Ww — 3°02* 
Ma a“ 3 E —I°44 9 “4 —I°S5 — 3°85 be + 3°16 
y: 9 E —3°98* ” W +3°6 ” W |4+1°28 5 W + 3°35 7 E — 2°79 
TY a lecegs | 2 \-347] Bon eae ae: w lease, 
”» ‘ r . urlei 4 {2° . 2° 
an ae Z 7 ao igh Moor, 1806. 19 | W ee 29; W ia? 46 
» W +3° 19 8 E aoe 4 7 20 E — 2°87 
ea pe » |W loaah og w ol4etrrt See ae fusions 
4 W a 79 9 o —2° aa? : M4 + 2°! : 7 me 8 
” "17 ” ° i |—2°02 . 2°9 . 
15 | Eo j—4r18 10 | W a 9; £ me at 8 Greenwich, 1836. 
i | WY eae 12) B |—3°8s 10 | E |—~r1°68 a ee ale 
Ey |-2° 70 » | OW l43's 11] W l+1'go V |+2°83 | May . 31) W |- a 
» | W | +3°85 13) FE he 12| E a's 27 | BE |—3rsq | June. 1 | W Let 
17 i j—2°68 ” W ee I4 W poe cae if W + 3°25" 3 \W aes 
an 20 aD —3'16* 17 E ee 1g W nee 28 EB —2° 91 8 E — 1°84 
i |—3°56 W /43° 17| E |-3° # + 3° 
” Ny + 4°99 19 | E Se 18 | W [43°34 | Oct 3 bs = 2°43 13 W a 
4 —4°0 W | ?. 19 E ey . © 2 « —_.° as 4 
” W 2365 @ +2 S54 ‘i W Ree “ W aie 16 W —1°84 
13] E |—3°40 rbury ITill, 1802 E » | W [+3° 5 |= 2°10 | 
» | W 143784 02. Kellie Law, 1813. 7; W ea et = = +$0°22 
14 | E |—3°80 | Sept i : 8/ E {—3°63* 28 |W" — 0°22 | 
Pye pera |e alt eee | 4 ae era ees ag (oa ae 
15 EK {|-2°92 8 E — 3°07" ° 23 E '~ 2°65 ” W + 3°64 July . 4/1 2&8 7335 
99 W + 2°81* 93 W + 3°07 25 W | + 2°58 6 W ~ 2,35, 
SO ee 2 Bt Ee seo sa ome 7 | ow [sat 
» | W [+2°31 ” W +1°Q1 27 | W .+2°22 B 8| fo 
17|.E |~2°27 | E j—rgr | Jul 28 | W |+2°24 alta, 1817. 91 E oo 
» | Wo [+3°rr 12) E |—2°24 uly. 1 | W +3°25 9 W eee 
18 | E | —3°38 4 [| W l+2°47 2| BE j—2°32 | August 13; W - 11) W eee | 
» | W l+2's8 1s | W |+3°8 3] E |—2°92 aie +I" 41 ae ae 5 
201 E j—2°32 16| W |+3°35 , | W | +#2°89 sa = —1°89 41 W +0°75 
» | Wo j+2'94 8) EB |—2°87 aR ese (ole lea 13 | W |—orgs 
2r E 1—2° 69 ” W +2° 34 7 W + 3°20 17 E Bey 18 BE 0.45 
» | W [+2%29 19 | E |~2°34 8) E |—3°24 Ww Tia 20 E eee 
22 | W |+2°72 » | W {42°67 » | W | +2°85 ae | We ateag soe a 
ee Blane eae ak Welle wine ag ee 
+ 3° a —2°66 3 4 ~ : 5 
22| E EG. » | W 1+3°23 + —1'99 | August a : ee 
23 | W l4o'4s i2| BE |—3°18 a bet alae Wea 
gu ata | W ole3° 21| EH |—3°%0 + |+2's2 
—2'42 + 3°29 W lang, 4| W l—2" 
a 25 E —1°92 13 TS |—o2'61 bie Er +2°S8r 8 W ae 2 
9 W 3° ”? W + 3°25 4 |= 2°57 W mires 
26!) E be 17| E oo : ” W + 2°29 = rE — 2°52 
r ” W i+. a6 18 rE 3°60 = i —~ 2" 74 16 i a 
* The quantities marked 27) W /4+3°71 20| E j—3°8o* ” W + 2° §2 171 B 2 52 
with an asterisk are in- 28 | E |—2°81 22) W |+4°01 sade Goin ed 13/ W rae 
ferred or interpolated. » | W |+2°80 24.| HE |—3°60 ; a + 2°89 19 | W : = 
29| E |—2°3 » | W 14338 23. i |—2°83 2! E a 
a - — 2°87" a6 bod — 3°41 . oe pe 26| W Rene 
October - E bee 1g 27 E #3 02 28 Ww Sc 3° i —2°rT! 
2| B |D 302 ea aS ae ee 29 | E |—3'83 ar —2°11 
: v — 2°80" W + 3°46" eo aD 
- + 2° + 2°79 
59 30 iD —2°499 


668 : PRINCIPAL TRIANGULATION. at 


RESULTS FOR LATITUDE WITH RAMSDEN’S ZENITH SECTOR. : 





Greenwich, | Dunnose, Clifton Beacon,! Arbury Hill,| Delamere, |Burlcigh Moor,| Kellie Law, | Cowhythe, Balta, Dunkirk, 
No, 1802, 1802, 1802. 1803, 1806, - 1806. 1813. 1813. 1814. 1818, 
a Namo of Star. < Xo. —_—— | | | | I | 
ie: Lat. 0. o Tat. | No.) pat. | No. No. No. No. No. No. No, 
Obs. "| Obs, Ovs.| ™* Joos.) TE fons} 2% lous} TH fons.| E& Jons| 2 Jobs. 
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11 Draconis, @ «sce. 
17 Bostis, Sane 


23 Bodtis, 6 ...60 cee a: i 11 | 32°05) 1 


12 Draconis, ¢ ...0... 18°23} 7 | 19°08 | 21]49°69!} 5} 9°30] 2 |61°08} 2 
6 Herculis, v ...600. yeor| 8 | 30°63 | 3 18°78} 7 
68 | 13 Draconis, @....... s0°98| 6 | 8°65] 2 |62-70| 1 
| 6g | 22 Herculis, 7 ...+. 7°92| 14 | 31°20 | 6 [29°35] 2/19°69/ 3 | 19°61 | 2 
m2 4 Id Draconis, 9 coecees 49°51| 4| 8°61] 4 |Gor98! 4 
1 73 | 16 Draconis .eeeesee 6°16] 1 50°37| 2 
74) 17 Draconis .eccceeeee 6°96) 8 | 31°65 | 3 18°61| 3 | 19°67 | 8 |51°83| 4 
177 | s2 Herculis ...sseeee myers] 12 | 3°45 | 4 
»8 | 19 Draconis, 1) ....+. | 63°03} 1 
89 | 21 Draconis, # ese» | 30°66] 1 | 6°44) 12 | 30°23 | 6 18*y0| «| 19°37 | 41|48°64| 8 i 
1 81 | 22 Draconis, ¢ ...+e. on 59°74] 2 | 
84 | 23 Draconis, B...-.. |39°28{ 4] 7°51) 14 | 30°76 | 15 | 26°87/ 14 | 19°35] 6 | 20°68 | 8 [s51°65) 11 | ro°24) 7 8-57] 4 
8s | 24 Draconis, y seyese 61°77] 3 
86 | 25 Draconis, +*...+s06 61°29] 3 
87 | 26 Draconis ...ccsees 48°55} 10] 6°48] 5 |G1°40| 1 





37°11] 3 | 7°84, 5 | 3rtoq | 8 21°47| 3 58°39 


Se Tlerculis, ¢ ....cs0e 
: 3 61°85 | 7 | 58°42 


go | 32 Draconis, & ....6. 
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RESULTS FOR LATITUDE WITH RAMSDEN’S ZENITH SECTOR—continued. 
eer SS Sa Fyne erensvavuas=yyusesresa-eunpe~eespererwmmtennnenmneeeenneneeestemsns 









































Greenwich, | Dunnose, |CliftonBeacon,| Arbury Hill, | Delamere, [Burleigh Moor,| Kellie Law, | Cowhythe, Balta, Dunkirk, 
No. 1802, 1802, 1802, 1803. 1806, 1806, 1833, 1813. 1817. 1818, 
Cat,| Name of Star. . x ie ey Ree ee eee = os 
10» 0. v e . 'e e 0. : . 7 
Tat. |obs.| 7! Obs.| at Obs. a ous. iat Obs. tate Obs re | Obs Lat. | ops.| 2% | ops. Tate | Obs. 
ene Se he oe ee ee 
o é 
51 28 
i 
91] 33 Draconis, y ...... | 38°73} 5 9 
951 36 Draconis ....cce0 61°os| 4 
96! 39 Draconis, 0 ...... 48°65| 11| 7°80] 8 |60°s7| 4 
97| 42 Draconis .....ce6s 59°27] 5 
98] 45 Draconis, d ...... |36°73| 3 5°07 | 6 | 29°41 | 9 | 25°34] 16 16°42 18°20 | 4 {49°11] 10 | 7°74} 8 a ee ee | 
} 99} 46 Draconis, ¢ ,,,... |38°19| 1 | 7°07 | § | 30°35 | 12 127°43/ 18 | 17°44 20°25 1 5 |50°65| 9} 9°39! 9 162703] G6} 58°23] 5 
101} 4% Draconis, o ...... 49°22] 12 | 810] 8 I[Gr-21] 8 | 
103] 48 Draconis .......06 49°76/ 15 | 8°34] 9 [61°18] 6 | 56°36] 4 
104/ 49 Draconis ......... | - | 61°70} 3/57°52] 1 
106} st Draconis .ss.esee. 38° 26 6°76 | 5} 20°54] 9 | 26°82! 17 | 17°87 18°56 | § |50°27} 13 | 9°46] 10 | 60°72] 7 | 56°o1] 4 
1108) 53 Draconis, 2 .....- 35°12; «| 7°19] 5 17°02 19°31 | 5 |50°17| 13) 8°78| 10 [61°45] 8 | 58°13] 6 
TOO} 54 Draconis .......0 57°25] 3 
III! 57 Draconis, 3 ...... | Gorrol 6 
1t2) 1 Cygni, « ...... oe | 37°23) 21 7°57 | § | 29°87 | 14 | 26°93] 17 1 17°81 18°77 | 4 |50°86).14 | 9°79; 9 ) 56°39| 51 
113; 88 Draconis, 7 ...... | - - Gorzo} 7 me 
T14} yo Cygni, 0? wcsccoose | 37°2T] 2 O°72 | § | 30°18 | 12 | 26°78] 1s | 18°59 19°30 | § |50°65} 14] 9°44) 9 58°19 6 
115) 13 Cygni, 0 ..sscosee 30°66] 2 58°08 5 
116] 16 Cygni, C ssccoseee 57°69} 2 
ne * gece eseints , : seeae eeu Geese a oe : 
26: Cyonil, © ésiessses : 2 | 30° 3 : : 
120 Cophel Pa denvctesex ve ae 48°49} 1g | 6°88| 11 |60°60| 8 | 56°60] 6 
121] 66 Draconis 2... Go-79} 6 
BED, Fee etacdteesviud ae Gor12} 6 
123) 31 Cygmni, 02 .ecccesee 6°93 | 3 
124) 68 Drees sonitedees : 60°23| 6 
T25 | vr Draconis ....ccces Gors6! 7 
126) 43 Cygni, co! cece 6-09 | 3 1.30°06] 2 57°51] 5 
1271) 46 Cygni, w .....006 6°34) 2] 31°40] 1 
128] 2 Cephel, @ c.scceeee 59°84] 9 eam oe 
120) 60 Crpmly.@ svsccesse 6°62 { 2 37°97 : 
130 Cephei, xX cesseseee 7°40 | 4 | 29°70 {| 2 «156968 
ah 3 Cophii, 1 sssssovee ; 61°93{ 8 
bg 2 ate in ’ eeeeeteeos 2 1°21 3 
"33 7 Guneh seeneeees : “ie 49°22| 10 | S11} 18 |G1°80] 8 
"341g Cephei ....s.sereee 65855105 
a 8o Cygni, m! ...s.c00 5°79 4 28°59 4 
Sr C , 1, M2 secccenes "Uc 4 29°9 3 ‘ 
137| 10 Cophie} Y seapaeuas pee 5 
BOS | Mos leckesuayetewenns 3°58) 4 
139 19 Cophei ...scsserees 39°49). © 
T401 23 Cephei, € ceccscess cae 5 
T41 | 25 Ceplici cciccsseeces 1°59) 5 Bee a 
142] 3 Lacerta, B csseseee yei2 | 1 - P 5 
143] 27 Cephei, & ......00 2°27 138] 4 
T44] 7 Lacerta, & sesesves 5°28 | x es : 
T45 |) g Lacerta. .sccseeses Gis 6 a 
ape 30 ye suesamoseens 61°32 6 
71 32 Cephet, ¢ c.ecccere : i 
148 = eT a 60°63 71|56°53| 7 
1'49/ 2 Cassiopcia......00 59°92} 1 
150} 34 Cephel, 0 veccceoee Go°48| 7 
I ionel 61°31] 8: 
51} 4 Cassiopcia......ees i -36] 1 
152 Cassiopeim.....cee G1°58} 7 ie 
'153( 18 Andromede ...... 50°82 
34 5 Cassiopeia, T ... ie i 
1 eevee onl oR 
1157 Cassiopcia....osses : a : 
158 Pe Gaesopein. B.20 52°09| 6G |rocgr] 8 ;62°49| 9 58°20) 7 


| terre mene ee 








“ ey t “a Ui uw 8 
Resulting Latitudes ....+. 38°51 47.| 7°07| 232 30°35 157 | 26°90} 152 18°55 84 | 19°39 | 70 | 50°22] 2734 9°30 258 61°55 | 302 
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The results for the latitude of Greenwich, from the observations made by Lieutenant | 
Denison, R.E., in 1836, not included in the foregoing table, are as follows :— | 


GREENWICH, 1836. 





No. No. No. 3 4] 
| an Name of Star. Lat. ae Bis Name of Star. Lat. a in Name of Star. Lat. ae | | | 
| ° i | ‘ o F : | 
51 28 51 28 51-28 ; 
45| 77 Urse Majoris, , 37°63 P66) | acces 37°86 14 | 94] * ats 38°71 21) : 
| 46) 79 Urse Majoris,¢ | 41°57} 2 | 68) 13 Draconis, 6... |37°60| 16 | 96; 39 Draconis, ’... | 39°19] 25 | | 
| 47| 85 Ursse Majoris,y |37°64| 7 | 69! 22 Herculis, +... | 39°14] 17] 98| 45 Draconis, d... | 39°29| 22 | 
| 48] 86 Ursa Majoris. [44°98] 1 {| 70; * .»- |40°17; 8 | 99| 46 Draconis, c... | 38°60{ 26 
49| * 61 90°37 2b ore wee |40°37] I poo; * pea | 30°28 |: 20° | | 
52| 19 Bootis,a..... |40°21| § | 73) 16 Draconis..... 38°42} 10 } 102; 13 Lyre ose | 38°00/ 22 | ! 
531 23 Bodtis, @..... 34°43| 41 75| 42 Herculis..... 37°79; 6 }105| * sd 37°00} 2 : 
SA + * 2 tastes ROTTS] 2 Ge |, piety 39°48] 13 } 106] 51 Draconis..... 38°74] 17 | 
55| 38 Bodtis, h. 34°34| 3] 77| 52 Herculis..... 39°46| 17 | 107] * veues. | 30°OL) “2 ; 
BOL ov .ceeeeele 35°941 4] 791 * eee 40°05| 20 | I10| * tee 35°59] 1 | 
57| 44 Bodtis,z ..... 39°66; 8] 82) 74 Herculis..... a8*25 28 ii2| 2 Cypni, « <46-< 37°73| 14 
SO tsiCig net 40°33) 1 | 83] 77 Herculis, x... |38°55; 17 | 114| 10 Cygni, s7..... 4o°ro| 18 | : 
BQ; awl s 40°13| 1 | 84; 23 Draconis, 8... | 38°74] 23 | 115| 13 Cygni, @ ..... 39°42 18 ; 
GO ees 40°09] 1] 88) 85 Herculis,:.... |39°13) 23 J 118| 18 Cygni,d ..... 38°09| 19 ! 
GEE aan 35°70! 31 89| 30 Draconis..... 39°39| 24 fo 
BER atlas 35°06] 2] go| 32 Draconis, &... | 39°09! 23 , tI 
) oh ee or 40°50| 74 92) * vee [40°23; 18 Resulting Latitude... | 38°81 |586 | 
OG utc 38°rr| Io 93 = 38°71 26 
If we put the amplitudes— 
/ | 
Dunnose and Greenwich + + = 0 51 30 + 2, 7 
- Arbury + + + =1 36 20+ 2, if 
B 
‘3 Delamere» + + = 2 36 10+ 42, : 
5 Clifton» + «+ +» =2 5020+ 2, 7 
% Burleigh Moor + = 3 57 10 + 2, 


we shall have 87 equations for the determination of these five quantities: these equations being 
treated according to the method of least squares, give— 


df 


O= — 34:75 + 27547, Wt, = + 1-26 
Oo=+ 1:97 + 54-18 x, | Ly = — 0104 
O= — 86:56 + 50-452; — 1°56 x, x, = + 1-68 
O = — 25154 + 73°74 % T= + 3°41 
O = — 102-73 — 1-562, + 38-56 x, 2 ae Me LY 
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So that the required amplitudes are— 


Dunnose and Greenwich» + + + =0 51 31-26 
Fr Arbury + + + + =I 36 19-96 
3 Delamere + + + + =2 36 11-68 
ig Clifton + + + «© = 2 50 23-41 
is Burleigh Moor + + = 3 57 12-41 


The quantity which has to be applied to these amplitudes, in order to give the latitudes 
which shall most nearly agree with the independent results in page 669, is easily found to be 
50 37’ 6”.96, whence the following latitudes :— 


Dunnose> + © © © © «© « -« 50 37 6-96 
Greenwich + + + + +© © «© «© 52 28 38-22 
Arbury 272 2 26°92 
Delamere + + © © «© © © «© 53 13 18-64 
Clifton ee ee ee 58 7 30639 
Burleigh Moor + «+ + «© «© «© © 54 34 19°67 


Combining next the observations made from 1813 to 1818 at Kellie Law, Cowhythe, Balta, 
and Dunkirk, we get 85 equations for determining the three amplitudes. ‘These equations treated 
according to the method of least squares, resolve themselves into the following :— 


O = — 178-22 + 132-522, — 40:38 1, — 31°75 2, “, U, = + 2-Go 
O= — 72:63 — 40-38 2% + 99°59 2 t= + 1-90 
© = — 264-94 ~ 31-75 t, + 87-84 2, t, = + 4:06 


Hence the amplitudes— 
¢ ‘i 


Dunkirk and Kellie Law + .- 5 12 £0 +2, = 5 12 52-90 
9 Cowhythe» + + 6 39 10 + 2, = 6 39 11-90 
99 Balta- + + + 943 O+2,=9 43 4:06 


The quantity, which has to be applied to these amplitudes, to give those latitudes which shall 
most nearly agree with the independent results at page 669, 1s easily found tobe 51° 1’ 57”. 52, 
whence the following latitudes :— | 

Dunkirk + ‘5 6 © © © 9 5I 1 57 52 
Kellie Law + + + + + se ee 56 I4 50°42 
Cowhythe + + + © «© «© «© © 57 AI Qr42 
Bala 4; es we Wee. ee GOLA G8 





The amplitudes just deduced are dependent upon and affected with the error of the 
assumption that the points 0° and 7° (Right Limb) are relatively correct with respect to the 
radius of the divided arc. This assumption is, of course, erroneous, but the error Is very small, 
as a comparison of the results for latitude given by north and south stars does not consistently 
indicate any error in the angular measures. We must, therefore, allow the assumption to 


remain. 
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The following table contains the corrected results of the observations with Ramsden’s © 


Zenith Sector, together with results given in the volume of 1842 :— 


Latitudes. Latitudes. . 





Stations. Stations, 
1" Method. | 24 Method. |Vol. : 1842. 1*t Method. 24 Method.|Vol. : 1842. 


Dunnose . . .| 5037 7707 | 6°96 | 7°03 | Clifton. . . «| 53 27 30°35 | 30°37 | 30°45 
Dunkirk . . «| 51 1 57°86 | 57°52 | 57°93 | Burleigh Moor .| 54 34 19°39 19°67 | 19°48 
Greenwich . . «| 51 28 38°51 | 38°22 | 38°30 | KellicLaw ~- . | 56 14 50°22 | 50-42 | so-s7 
Arbury. . . .| 52 13 26°90 | 26°92 | 27°14 | Cowhythe. . «| 57 41 9°30 9°42 9°74 
Delamere . . . | 53 13 18°55 | 18°64 | 18°77 | Balta . . . «| 6045 1°55 1°58 2°31 





The results now obtained agree very closely with those given at page 198, which are, however, 
affected with the wrongly applied corrections for the divisions of the limb. 

There is some difficulty in deciding whether the results of the first method of reduction 
contained in the second column of this table, or those of the second method, contained in the 
third column,-are to be preferred as probably nearest the truth. The results in the second 
column are affected by errors of assumed mean declinations, those in the third column are affected 
with the error involved in the assumption that the length of the are from 0° to 7° (Right Limb) 
of Ramsden’s Zenith Sector was correct. 


In all the subsequent calculations in this work the results in the third column have been used, 


and similarly with respect to the observations made with Airy’s Zenith Sector, the quantities used 
being those in the 6 column of the table, pages 198, I99. But the final results of this Section 
will be put in such a form as to admit of easily determining the effect of any changes of latitude 
that may be considered necessary or advisable. For the latitude of Greenwich, the quantity 
51° 28’ 38’’-30 has been used in all calculations. In the following table the latitudes have, 
when necessary, received the corrections to reduce them to the Trigonometrical Stations. Tor 
Dunnose, Cowhythe, and Balta, the means between the results furnished by the two Zenith 
Sectors have been used. 





Stations. Latitudes. Stations. Latitudes. 


Greenwich . 2... 51 28 38°30 | Forth. . 2. . 52 18 57°91 
st. Agnes. . 2... 49 53 33°93 | Tawnaghmore . ... 54.17 41°34 
}Goonhilly. . . .). 50 2 50°07 | Lough Toyle . . . . 55 2 38°74 
Hensbarrow . . . . 50 23 1°84- | South Berule. . . . 54 8 56°40 
| Blackdown . . . , 50 41 8°89 | BenLomond. . . . 56 11 26°27 
Dunnose . . . . . | 5037 «+708 | KellicLaw . . . , 56 14 51°52 
Boniface Down . . 50 36 10°55 | BenHeynish. . . . 56 27 16°88 
Week Down . . . 50 35 51°42 | Great Stirling . . 57 27 49°12- 
Hieh Port Cliff . . 50 35 43°28 | Cowhythe. . . . 57 41 8°96 
Southampton. . . , 50 54 46°97 | Monach . . . 58 21 20°84 
Precelly . . . «© «J. 5 56 45°18 | Ben Ilutig . . . 58 33 6°47 
Arbury . . . . . 52 13 26°59 | NorthRona . . . . 59 7 15°19 
Delamere . . ... 53 13 18°61 | Balta . . . . 60 45 1°66 
Clifton. . .. . . . 53 27 30°40 | GerthofScaw . . . 60 48 56°43 
Burleigh Moor . . . 54 34 19°67 | Saxavord. . . . , Bo 49 38°58 
Hungry Will. . . 51 41 10°26 
Feaghmaan, . . . . 51 55 22°85 | Dunkirk . 2. 1... sr 2 8*4r 
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At page 1 of “ Astronomical Observations made with Ramsden’s Zenith Sector,” it is 
stated that the point at which the observations were made was “1438 fect S. and 1104 feet W. 
of the Flagstaff on the great Church Tower.” On looking back, however, to the original docu- 
ments, we find that in order to connect the Sector Station with the Tower a small base-line was 
measured 1008-6 feet in length, and at cach extremity of this base the Sector Station and 
the I'lagstaff on the Church Tower were observed. By means of these angles the distance 
of the Sector Station from the Tower is found to be 1813-1 feet. Irom observations taken* on 
the 14th of October, we find that the Flagstaff reads 44° 46’ 6”, while the Eastern Elongation 
of the pole star readst 174° 55’ 12”. On the following day the Western Elongation of the pole 
star reads 169° 38’ 48”, and the Flagstaff on the Tower 44° 45’ 58”. Hence we infer that the 
Tower was 52° 29’ 2” north-east of the Sector Station; from this bearing and the distance 
1813-1 feet, it appears that the Zenith Sector was placed 1104 fect south and 1438 feet west of 
the Flagstaff on the Tower, the numbers being erroneously transposed in the printed volume of 
Observations. The distance 1104 corresponds to 10-89, so that the latitude of Dunkirk Tower 
is 51° 2’ 8”.4r. 

The latitude of Dunkirk here given differs slightly from Delambre’s determination, which we 
find at page 295, tom. II., “‘ Base du Systéme Metrique” to be 51° 2’ g’-7. On examining 
the observations upon which this result depends, we find that they were taken generally 
under unfavourable circumstances, and not to the satisfaction of the observer himself (tom. II. 
pp. 259—262). Two stars only (¢ and & Ursm Minoris) were observed, and the results 
furnished by these stars differ by 1”. By rejecting the observations of 8 Ursze Minoris, which 
Delambre thinks not improper (tom. IIIJ., page 297), the latitude would be slightly increased. 
At page 548, tom. III., the latitude finally adopted as most probable is 51° 2’ 8”-50, but 
expressly subject to a doubt of o”-5. The agreement of this with the result with Ramsden’s 
Zenith Sector is very remarkable. If we may judge of the accuracy of the determination 
resulting from the observations in 1818 by the accordance of those observations among them- 
selves, or by the accordance of the results furnished by the 53 different stars observed, we 
find by comparing these different results with their mean, that the mean square of error is 
1-og1, and the probable error + 0”-095. 

At the same time that observations were being taken by Major-General Mudge and Major 
Colby, with Ramsden’s Zenith Sector, for the latitude of Dunkirk, the French Astronomers 
MM. Biot and Arago were engaged in the same determination with the Repeating Circle. In 
the volume entitled “ Recueil d’ Observations Géodésiques, §c.—Paris, 1821,” it is stated by 
M. Biot that the result of their observations agreed perfectly, when reduced to the tower of 
Dunkirk, with the result furnished by Ramsden’s Zenith Sector, and also with Delambre’s 





- 


* With Ramsden’s large theodolite, placed over the centre of the Zenith Sector Station. 
+ The circle is divided into two semicircles, each reading from o° to 180°: otherwise the reading of the Flagstaff 
would be, on the first day 224° 46’ 6”, and on the second day 224° 45’ 58”. 


4.Q 
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determination.* In 1809 M. Biot had made a great number of observations with his Repeating 
Circle for the latitude of Dunkirk, but the result he obtained was 4” less than Delambre’s latitude. 
This discrepancy he attributes to the constant error of his Repeating Circle. A similar discrepancy 
is seen in his determination of the latitude of Unst, in the Shetland Isles, when engaged in 
conjunction with Colonel Mudge and Captain Colby. The point at which his Repeating Circle 
was placed, was found trigonometrically to be 26”-94 to the north of Balta Station: now the 
- Jatitude of Balta is 60° 45’ 1-66, hence the latitude of M. Biot’s Station must have been 
6o° 45’ 28-60, which exceeds his determination by 3”-60 (see page 560 “ Recueil d’ Observations 
Géodésiques, §c.”), 


§ IIL. 


Calculation of Latitudes, Longitudes, &c. 


In the treatise on the Figure of the Earth in the Encyclopsedia Metropolitana, by the 
Astronomer Royal, he has assigned the following elements for the elliptic meridian :— 
&@ = 20923713 . 
b = 20853810 
| La ae — 0:00667054 Y 
These quantities very nearly represent the surface of Great Britain, but require,—the 
former at lcast,—to be slightly increased. In the present Section we shall determine small 
corrections, 5a, 5b, 8(e’), to these elements, such as shall correspond to the surface sought after. 
The first step in this operation is the calculation of the latitudes and longitudes, and 
directions of the meridian, at the various points at which Astronomical Observations have been 
made, using the above values of a and b. Let ¢ and ¢’ be the principal radii of curvature of 
the surface of revolution corresponding to this ellipse, and let nm = a — b: a + b; then 








3 2 3 
log (e sin 1”)-! = log (oe aS \ + 3M | n cos 2X — ~ cos 4A + 77 008 6 4. | 


+ a? f? 


log (o’ sin 1”)-* = log eipeeo, (ae + MW frcos2r—~cosga+ “eos6ra +-+h 


7a’ 
Now log a asia : b= 7-3191854123, log (a + b) = 7-6209426870, 
and the values of the above series are consequently — 
log (e sin 1)-* = 7-9945148738 + -o021800110 cos 2 A ~— +0000018237 cos 4. A + +0000000020 cos 6 A 
log (¢’ sin 1/")-* = 7-9930603157 -+ -0007266703 cos 2 A — -0000006079 cos 4. A + 0000000007 cos 6 A 
¢ being the radius of curvature of the meridian, and ¢’ that perpendicular to the meridian at 
latitude = A. 





*Page 516, “.... alors notre latitude obtenue par la moyenne des distances zénithales, étant réduite 2 Ia tour de 
“Dunkerque, s'est trouvée parfaitement d’accord.avec celle que les savans anglais ont obtenue en méme tems par le 
“prand Secteur de Ramsden ; et ce qui était sur-tout un résultat désirable, cette latitude s’est trouvée exactement la 
«méme que M. Delambre avait autrefois obtenue.” 





The following table contains the above quantities for every ten minutes, fro 


A= 61°:— 
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ma = 49 to 





In the Meridian. 








A A 
log cer : gsi HE oe a eo 
psin 1” Diff. ~p’ sini” .| Diff. p sin 1” 
) 0 4213228 : 676 re 8746 

o| 7°99421322 "992 Io| 7° 7461 
49 0} 7°99 700668, 125604 7°99 ae 41868 55 10) 7 99375 Fe 
20 1881189 | 175426 9513976 | 47°37 | 30 7349851 
30 1755801 | 1793 9472180 | T7981 40 7231436 
40 1630526. eee 9430422 pete 50 7113289 
50 £50537 | 15 25° 9388703 | 71272 |56 (0 6995411 
50 0 1380336 oa, 39 934.7025 te. Io 6877808 
10 1255426 49 8 9305388 1 37 20 6760486 
a5 1130648 | 17427 - 9263796 | 499" | 30 6643444 
30 1006002 a to 9222247 ee 40 6526690 
40 0881494 eee 9180744 ee : 50 6410228 
50 o7syi3t | 1403 9139290 | #494 | 57 “0 6294059 
51 oO 0632913 abr 9097884 pags 6 10 6178187 
10 0508846 a wh 9056528 4135 20 6062619 
20 0384936 | 7397" gors225 | 7303] 30 5947355 
30 0261184 eth: 8973974 ce 40 5832402 
40 0137597 | 175904 8932778 | 7790 | 50 5717766 
50 0014179 a a 8891639 fe 2 58 oO 5603446 
52 0] 779939890932 | 123047 8850557 | Fe | to 5489448 
10 9767860 | 17307" 8809533 | 4074 | 20 5375778 
20 9644970 a 2 8768570 40993 30 5262436 
30 9522263 | oor! 8727667 | 4°9°3 | 0 5149427 
go] 9399746 | 17517 8686828 | 49°39 | 50 5030757 
50 9277423 | teo5° 8646054 | 40778 | sq “o 4924426 
53. 0 9155296 ares xb 8605345 eae fe) 4812440 
10 9033370 eta 8 564.703 + ore 20 4.700805 
20 Sgr 1651 eee 8524130 49573 30 4589521 
30 8790139 | 77118 8483626 | 40504 | ao 4478593 
40 8668841 | OF 23 8443193 | 70433 | so 4368027 
50 854.7763 aa 8402834 eee 60 o 4257823 
540 8426905 | oo? |- «= 8362548 | 40? to} 4147987 
Io 8306273 i 3 : 8322337 aoete 20 4038524. 
36 8185874 | 770328 8282204 | 40733 30 3929434 
30 8065706 shee 2 8242148 4095 40 3820723 
40 7945776 ieee 8202171 sta 50 3712390. 
50 7826091 ee : $162277 ao 61 0 3604454 

55 0 7706650 | 944 8122463 | 39°14 

eae: 39730 





: Ferp. to Meridian. 


= ee es se 


In the Meridian. 








Perp. to Meridian. 








i lo : 
Diff, Seni 


118933 7°992 
118677 
118415 
118147 
117878 
117603 
117322 
117042 
116754 
116462 
116169 
115872 
115568 
115264 
114953 
114636 
114320 
113998 
113670 
113342 
113009 
112670 
112331 
111986 
111635 
111284 
I10928 
110566 
110204 
109836 
1094.63 
1og0g0 
108711 
108327 


107942 


8082733 
804.3089 
8003530 
7964058 
7924676 
7885383 
7846182 
7807075 
7768061 
7729143 
7590323 
7651599 
7612975 
7574452 
7536031 
7497714 
7459502 
7421395 
7383396 
7345506 
7397725 
7270055 
7232499 
7195055 
7157726 
FIZO515 
708 34.20 
7040444 
7009589 
6972854 
6936242 
6899754 
6863391 
6827154 
6791045 
6755064 


Diff. 


39644 
39559 
39472 
39382 
39293 
39201 
39107 
39914 | 
38918 
38820 
38724 
38624 
38523 | 
38421 
38317 
38212 
38107 


37999 
37890 
37781 
37670 
37556 
37444 | 


The Trigonometrical Station at Chingford was ascertained by careful measurement to be 
0-454 feet to the west of the meridian plane passing. through the centre of the meridian mark 
at Chingford. This distance subtends at Greenwich an angle of 1”-62. In the Greenwich 
Observations for 1842, page xiil, it will be found that the azimuth at Greenwich of the 
(centre of the) meridian mark is 0”-o2 west of north (it is added that “ this result may be 
considered particularly good”); hence the azimuth of Chingford Station at Greenwich 
is o O° 1-64 west. The angle between Chingford and Leith Hill at Greenwich is 


4Q2 


676 | PRINCIPAL TRIANGULATION. 


142° 19’ 117-423 (see first triangle, page 498); therefore the azimuth of Leith Hill at 
Greenwich is 142° 19’ 13”-063. Now let 
¢ = azimuth of Leith Hill at Greenwich. 
a = azimuth of Greenwich at Leith Hill. 
x = colatitude of Greenwich = go — A. 
A’ = latitude of Leith Hill. 
w = longitude of Leith Hill. 











s = distance from Greenwich to Leith Hill. 
Then— 
cos 4 (x — 0) 
a , _ 

ee Sa cos 4 (x + 8) eee 

l(a! — _snd(xe—8) 17 

pea es 2) sin 4 (x + 6) eegre 

: _ os sin $ (a — « + 8) mt 

WT A= pain 1” es +a +2) G45 Boa “)) 


eo 





s§ 
= = (: + ->. Ge cos? A cos? a) 
eo’ sin I ; 
I c? @? 
~ sing” I= 





7a cos? A sin 2 0 


It would be practically sufficient to take this small correction § from the table at page 2 250 ; 
it has, however, been calculated for cach required case. 

By these formule: we obtain the latitude and longitude of Leith Hill and the bearing of 
Greenwich. This last angle is found to be 37° 23’ 27”-755; and by page 498 the angle at 
Leith Hill between Greenwich and Beachy Head is 100° 16’ 40”-258, hence the azimuth of 
Beachy Head at Leith Hill is 137° 40’ 8"-013. Now in the abstract at page 128, Beachy Hill 
(— 180°) reads 137° 40’ 1-56, to which add the correction (page 387) -+ 0”-574, making 
137° 40’ 2”-134 for the abstract reading of Beachy Head at Leith Hill. Therefore it is 
evident that the reading of the north meridian, if inserted amongst the objects observed at 
Leith Hill, would be 180° — (8”-013 — 2”-134) = 179° 59’ 54” +121. 

Knowing now the latitude and longitude of Leith Hull, with the reading of the meridian in 
the abstract, we may proceed to determine the same quantities for any other point of which we 
know the distance and ‘bearing from Leith Hill. 

The following table contains an abstract of the calculations of latitude, longitude, &c., for 
those points which are more immediately required for the results in the present Section. The 
first column contains the name of the Station for which the latitude, &c., are given in the 
fifth, sixth, and seventh columns; the second colunm contains the name of the point from 
which the calculation starts; the third column contains the azimuth of the point in the first 
column, from the corresponding point in the second, the logarithmic distance, and the value of 64 ; 
the fourth column contains log tan }(«’ + » + ¢), log tan } (@’— w + ©), and the log (distance 
of parallels). The seventh column contains the calculated reading of the north meridian, found 
by adding the angle «’ to the corresponding corrected “abstract reading,” found between pages 
+2 and 166, or subtracting it, as the case may require. | | 
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Stations. 





LeirH Tower, 
| Burser 
Bracon JT . 
DUNNOSE . 
SOUTHAMPTON . 
Brack Down . 
Barrow HI. 
ETENSBARROW . 
GOONHILLY 


PERTINNEY 


Saist AGNES 
LIGHTHOUSE 


Lunpy IstaAnp. 
PRECELLY . 
Ttten Wirnays 


PRECELLY . 


Obtained from 


Greenwich , 


Leith Tower 


Butser . 


Butser . 


Dunnose 


Dunnose 


Black Down 


Barrow Hill 


Hensbarrow 


Hensbarrow 


Pertinney 


Hensbarrow 


Lundy Island . 


Black Down 


High Withays . 


GEODETICAL RESULTS. 


Azimuth 
Log (Dist.) 
§ 


142 19 13°064 
5° 14229329 
O 22 45°184 


117, 7 =7°639 
5°19773428 


0 25 §5I°100 


65 56 50°381 
5°27048029 
O 30 33°963 


158 51 33°254 
5°14802983 
0 23 3°376 


23 38 38°759 


I2I 39 24°140 
5°49842221 
O 51 39°844 


77 22 22°286 
5°42951547 
044 5°45 


145 29 10°961 
5°17326056 
0 24 26°175 


117 16 6356 
5° 33879090 
© 35 46°427 


I5 7 32°795 
5°26078600 


© 29 53°569 


6 41 58912 
5°45940875 
© 47 13°570 


437 37563 
5°45527895 
o 46 46-626 


89 31 45°297 
5°53015693 
© 55 34°836 


20 28 43°569 
5°69221059 
t 20 43°153 


Logs 
tan 4 (a’+w+¢) 
tan 4 (e’—w+¢) 
Merid. Dist. 


| a | 


9° 53401869 
9° 52478814 
5°04.15 5604 


9° 78745911 
9°77704015 
4.°86003794 


0° 18928804 
0°17702159 
4°87576069 


9°27196683 


9°26271435 
5° 11801869 


0'68007770 
0'67238850 
5°03264761 


0° 04.0902 33 
0°02037416 


4.°39779596 


9° 74914607 
9° 72853971 
5 °22384314 


o°0g85I 101 
0°08109797 
4° 75429230 


9°49336734 
9°48368445 
5°08990294 


9° 78666084. 
9° 77248490 
5°00445727 


9° 80450541 
9° 79272877 
4.°89308822 


1°234.75116 
1*21603605 


5°45638249 


1° 39657885 
1°37772839 
5°45384262 


0°00607646 
9°98390745 
2° 74915518 


0° 74683344 
0°71463244 
5 °66301646 


Latitude, 


Longitude. 


5I 10 32°887 | o 22 I1°049 


50 58 38°233 
51 10 59°233 
50 37 3° 


50 54 47°226 


50 22 58° 


‘O81 


"776 
51 Io 0°196 
51 56 44°755 


50 41 4°750 


52 56 44°755 


0 58 43°780 
_15°506 


50°136 


7° 054 


te 
> 
N 


52°432 


37° 149 


5° 137 


38° 794 


39°961 


6 20 40°633 


17°983 


4.46. 24°516 


36° 100 


24° 515 


677 


N. Meridian. 


179 59 54°121 
180 0 25°036 | 
180 0 3°996 | 
ne O 11'025 | 
179 59 12°217 

180 o Sei: 
180 0 11°463 
180 0 35°725 


179 59 58°702 


eet a 
Station. 


179 59 44°569 
179 59 44°144 
179 59 59°427 


179 59 44°148 


PRINCIPAL TRIANGULATION. 


eto nos ee ate 
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Logs 
















wee Da oy ios 2 
SSA eee eee 








Stati Obtained from : rer (Dist) tan $ (a! + + ¢) Lone? N. Meriai | 
tations, ain S ” . tan $ (aw +C) Latitude. ongitude. . Meridian. : 
Merid. Dist. ; 
6 a sf-754 eeerioraae o of 4 of ul o 4 & 
et aaa Leith Tower 5749083617 0°20761612 51 34 29°856-| 1-33 57°038 | 179 59 45°908 
© 50 46°065 | 5°16341190 | 
| 68 4 38°121 | 0°17311088 | 
CRADLE Whitehorse Hill | 5°57766g91 014789821 | 51 57 5°508-| 3 7 16°885 | 180- 0° 4°Q971 
I 2 0°193 | 5°13814190 
89 40 22°788 | 000514013 
PRECELLY Cradle . 5°57129508 | 9°98008733 | 51 56 44°756'| 4-46. 24°517 | 179 59 44°55 
I I 5°906 | 3°32308415 
__ | 18 36 3°875 | 0°78758297 
Annury Hii, | Whitehorse Hill |  5°39840001 0°77089923 | 52 13 27°287-| I. 12- 35°080 | 179 59 21°592 
O 4 2°043 | 5°37474244 
44. 36 41°861 | 0°38974809 | 
Ansury Hii. | Greenwich . 5°58674535 | 0°36405782 | 52 13 27°287-] I-12 35°080 | 179 59 21°593 
I 3 18°773 | 5°43558864 
| 7 43 12°294 | 1°17215195 
| Barvon Hit. | Arbury Hill 5°25640924 1°15994672 | 52 42 50°754-| I-19 8°751 | 180 0 6°038 
© 29 35°379 | 5°25241267 7 
: 53 3 26°684 | 0°30343303 
Mowcorr Bardon Hill 5°38966198 =| 0°28665886 | 53 6 52°44 | 2 12 41°654 | 179 59 58°329 
O 40 12°858 | 5°16494917 
69 II 24°407 | 0°16208853 
| DELAMERE Mowcopt 5°04460003 | 0°15444049 | 53 13 17°274 | 2 41 3°562 | 180 0 19°365 
0 18 10°084 | 4°59136983 
91 37 19°817 | 9°99053371 | 
SNowDon Mowcopt . 5°61266064 =| 9°96223755 | 53 4 5°481-| 4 4 30°075 | 180 oO 4°208 
I 7 12°00r | 4°22870175 7 
158 55 50°351 | 9°27246278 | 
PRECELLY Snowdon 5°64174764 | 9124223801 | 51 56 44°755 | 4 46 24°516 | 179 59 44°161 
I 11 51°283 | 5§°61250768 
: 17 49 51°425 | 0°80732492 
Sourn Benute | Snowdon §°61827517 =| 0°77869133 | 54 8 57°597-| 4-40 5°328 | 180 0 20°787 
1 8 47454 | 5759631465 
70 42 34°976 | 0°15208818 
Fonrru Precelly 5°62711621 0'12360094 | 52 18 56°829 | 6:33 41°461 | 180 0 2°065 
| I 9 28°719 | 5°13054873 
92 4 54°610 | 9°98583112 | 
| KNOCKANAFFRIN | Forth 5°35876256 | 9°97034988 | 52 17 19°135-| 7 34 52°Q941 | £79 59 57°809 | 
0 37 27 190 | 3°99590095 
|" g2 30 37°789 | 9798453332 | 
Baurtrecaum | Knockanaffrin . 5°70283550 | 9°95035443 | 52 12 24°103-| 9 49 44°622 | 180 0 1°366 
| I 22 42°648 | 4°47589836 
131 33 9°489 | 9°65423540 
Fracumaan , | Baurtregaum . 5°19277728 | 9°64369798 | 51 55 20°297-110 20 45°313 | 180-0 0°808 
© 25 33°406 | 5°01623307 


ee es 


ME ele eee ay 


See A a a EE eS 


um Lee he tee 7 ae 





Stations. 


A ernest VN ny ee 
t ee aad 


Houxery Hit 


| KIPPURE ,. 


KIPPURE . 


Soutu BERULE 


KEEPER . 


CUILCAGH 


CUILCAGH 


INEPHIN 


TAWNAGHMORE 


SLIEVE SNAGHUT 


Lovey Foyle 


CLIFTON BEACON 


Crirron BEACON 


a 


EASINGTON 


York AQWSTER 


Obtained from 


Baurtregaum 


Knochanaffrin : 


Precelly . 


Kippure 


Knockanaffrin . 


Keeper . 


Kippure 


Keeper . 


Nephin . 


Cuilcagh 


Slieve Snaght . 


Arbury Hill 


Bardon Hill 


Clifton Beacon . 


Clifton Beacon . 


GEODETICAL RESULTS: 


Azimuth 
. Log (Dist.) 
6 


177 27 46*290 
5° 27887967 
O31 9°647 


39 58 51°918 
5°63020198 


I g 58°363 


36 59 39°974 
5° 75418108 
1°53 5°570 


44.48 32°211 
5° 70396709 
I 22 55°346 


41 35 31°023 
5°35545620 
O 37 I0°r50 


Io 18 44°638 


5° 73100149 
I 28 15°026 


40 3 15°754 
5°69215523 
I 20 41°851 


27 14 3°065 
5° 71622432 
I 25 17°8go 


25 31 39°927 
5°05043344 
-O 18 40°132 


I5 19 23°856 
5° 57672864 
I I 51°59 


129 15 50°944 
4.°94653490 
O 14 29°646 


O15 3°786 
5° 65343405 
I 13 49°082 


4 36 147352 
5°43504841 
0 44 38°650 


Il 14 15°324 
5°61537072 


I 7 37°142. 


9 10 53°Q21 
5°27097897 
O 30 35°813 


Logs 


tan} (a’+0+¢) 
tan 4 (a’—-w+¢) 


Merid. Dist. 


8° 34661062 
8° 33376233 
5°27845865 


0°44217618 
0°41326456 
5° 51140877 


0°47960618 
0°44142800 
5°65302506 


0° 38831434 
0* 35334099 
5°54983279 


0°44206698 
0°40671257 
5°22747917 


"04837577 
"OII51g16 
72368006 


Vw = 
s 


"44168693 
40765273 
"57225559 
°61938366 
*58376118 
66346414 


64563733 
*63760970 
"01148426 


in OOo in OO 


moo 


°87372521 
*84699842 
*56060450 


-67648876 
"67007252 
* 74910780 


-66257966 
*63212247 
"65342977 


*39768758 
"37906519 
*43362037 


"00990458 
*98120227 
°60673 306 


ine wm NN — 1 Oo in 0 O 


wn O w 


~ 


°09657755 
°08359316 
"26531037 


wn 


Latitude. 


514i I1°474 


53 10 40°564 | 


53 10 40°563. 


54 8 57°598 
52 45 
2°877 


54 12 


54.12 2°877 


"54, 0 47°28 


54.17 39°605 


55 Il 47°115 


55 2 33°931. 
53 27 27°022, 
53 27 .27°022. 
54.33. 537367. 


53 57 43°266. 


i 


4°195 


Longitude. 


°T20 


118 


6,19.52° 


440 5° 


8.15.38" 


7.48 38 


7-48 38 


"559 


"159 


"255 


7.20. 0°253 


7 9 25° 


1.13 


0. 50, 24.°132 


1 4 49°778 


*560 


180 O 


679 





N. Meridian. 


179 59 59°796 
179 59 59°253 
179 59 59°250 
180 0 20°777 
179 59 58°505 
179 59 59°068 
179 59 59°970 
180 .0 .4°708 
180 .0 .7°617 
180 0 o°749 
.1°872 
180 0 15°343 
180 0 15°34! 


0°913 


2°458 








680 


Stations. 


Wonpestow . 
Cuevior . 
} Seca Jenn. 
Sca FELL 
Hart FELL 
Goat FELL 
Soury BERULE 
Divis . 
Divs . 
Sayrs LAw 
JURA . 6 
™, 
Ben Nevis 
BEN IV yvis 


Ben HEYNISU . 


Ben Mone, §.U. 


Obtained from 


Easington . . 


Easington . . 


Cheviot. . . 


South Berule 


~ | Cheviot. « . 


Hart Fell , . 
Goat Fell , 
South Berule , 
Slieve Snaght . 
Cheviot. .. 
Slieve Snaght . 


Jura . . 


Ben Nevis’. , 


Jura 


Ben Heynish 


PRINCIPAL TRIANGULATION. 


Azimuth 
Log (Dist.) 
6 


49.43 37868 
520752595 
o 26 26°166 


38 49 3°612 


5°63494110 
r 10 43°887 


148 38 43°843 
5°63951494 
I Ir 28'603 


69 44 26°592 
5°51936549 
O 54 12°356 


95 6 45°483 
5°41838451 
O 42 57°421 


77 9 55°436 
5°57919191 
I 2 12°454 


168 15 16°732 


5° 74060133 
I 30 12°510 


59 3 51°727 
5°52296532 
© 54 39°427 


127 7 8°*170 


§°54392112 
OD) Ao 537 


38 37 10°275 
5°23766058 
© 28 2c°049 


46 20 22°842 


5° 57069069 
I 1 51°063 


31 25 56°881 
5°58509189 
1 3 3°4°4 


14 26 26°343 
5° 52252507 
© 54 35°631 


42 27 32°651 


5°44006639 
045 9°301 


14 3 42°66r 
5 ‘48115201 
© 49 38°036 


Logs 
tan} (o’ + w+) 
tan 4(¢’—w+¢) 


Merid. Dist. 





0°33519312 
0°32367200 


5°01599566 


0°45590655 
0°42507180 


5° 52329532 


9°45098448 
9°41910561 
5° 57297950 


O° 15908159 
0°13569226 


5°04645578 


9°96288159 
9° 94372722 
4.°41008644 


0° 10055575 
0°07286296 


4°90054.796 


°01576312 
"97536941 
"73174915 


*24902258 


"22543849 
°22700631 


un COV. 


°69887703 
*67348694. 
"32984340 


"45050512 
44393200 
°12916926 


mow WU00 


im 0 0 


37102799 
34364060 
“41140732 


in OO 


"55312957 
“52470152 
51424025 


"89931464 
*874.11937 
* 50823491. 


41239458 
0° 39204021 


5° 39532732 


wm 00 wm OO. 


O 


0°91081238 
0°88811354 
5*46764395 


Latitude. 


°o i 4 


54 50 56°160 
55 28 42°372 
54 27 4°74 
54 27 14°774 
55 24 28°961 
55 37 32°899 
54 8 57°597 
54 36 40°327 
54 36 40°326 
55 5° 49°439 
55 54 8*go00 
56 47 49°339 
57 40 45°100 


56 27 19°638 


Longitude. 


3.24 O'212 
5 11 26°512 
4.40 5°329 


6 xr 2°656 


"139 


6 0 11°227 


4 34 40°727 


6 55 20°98! 


57 15 32°205 | 7 17 38°743 


N, 


179 59 54°606 | 





Meridian. 


179 59 59°39! 


180 


180 


180 


180 


180 


180 


180 


180 


180 


180 


180 


180 


O 7°217 | 


Oo 7°219 


0 13°769 | 


Oo 8555 


O 20°799 


o 1°284 


O 1°273 


Q 0°304 


Oo 4°625 


Oo 14°782 


59 53° 164 
Oo 1°367 


0 7°07 | 
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Toes | 











Azimutl ri 
Stations. Obtained from Lor (Dist.) - tata Latitude, Longitude, N. Meridian. 
Merid. Dist. | 
83 50 8-089 eine are hee nS 
| Scovrnazaricn | Ben More, 8.U. |  §+64708655 | 0°01552482 | 57 22 10°334| 5 3 31°679 | 180 0 12°240. 
I 12 43°608 | 4°60641681 | 
| 28 51 o'grg | 0°59120005 ; 
| Ben Loony .| Goat Fell . 5°37281477 | 0°57388944 | 56 rr 25°260 | 4 37 54°183 | 179 59 58°802 | 
0 38 40°663 | 5°31429474 
85 37 51°056 | 0°03496231 | 
Last Lomonp. | Ben Lomond eee 0701352225 | 56 14 32°515 | 3 13 11°223 | 179 59 53°951 
0 47 12°547 | 4°27875000 | 
‘175 47 35°218 | 8° 56566434 
Carton Hiri. | £.L omond 5°02218968 =| 8°55782019 | 55 57 18°042 | 3 10 55°592 | 179 59 55+472— 
O 17 1§°077 | 5°02102669 
88 26 39°915 | 0°01235621 | 
| Kevue Law . | ££. Lomond 4°95283913 | 0°00566980 | 56 14 53°689 | 2 46 43°752 | £79 59 47°025 
O 14 42°312 | 3°33211581 | 
go 11 17°763 | 9°99968054 | 
Ben Creve . | Ben Lomond 5°24547749 | 9°98658077 | 56 11 8°695 | 3 46 3°873 | 179 59 59°8g0 
Oo 28 50°858 | 3°22550101 
331 26°584 | 1°51401200 |. | 
Bey Macour .| Ben Cleugh 5°51034299 1°48g9g0500 | 57 4 14°043 | 3 40 3°749 | 179 59 51°212 | 
9 53 5°130 | 5°50950153 . 
| 67 48 14°203 | 0°57443125 
Scournaaricn| Ben Macdui 5°47207618 0°15183542 57 22 10°334| 5 3 31°683 | 180 0 12°277 
: © 48 36°350 | 5°03831537 
| | 5 © 42°769 | 1°36280698 
Bey Macour .| Hart fell . 5°78512472 1°31829316 | 57 4 147043 | 3 40 3°749 | 179 59 51°213 
I 39 56°908 | 5°78338734 
: , 23 54 23°513 | 0°67739068 | 
Ben Macpur ,\ Sayrs Law 5°69059228 o°G6411g055 | 57 4 14°043 | 3 40 3°749 | 179 59 51°216 | 
I 20 23°747 | 5°65023965 
67 9 45°I41 | ot 18001544 | i 
Duowick  .| Ben Macdui 5°54283857 0°15341903 | 57 25 50°886 | 2 2 6952 | 179 59 49°199, 
O57 12°433 | 5°11927532 | : 
103. 4 48°orr | g*gor14584 | 
| Mount Barrocx; Ben Macdui 5°27887092 =| 988666566 | 56 56 57°814 | 2,44 25°376 | 179 59 45°302 
© 31 g*108 | 4°64608625 
19 57 49°067 | 0° 75615735 | _ 
| Crrisnaae — og | Ben More, S.U. §°43844003 0°73513Q944 | 57 57 50°56r | 6 48 41°648 | 179 59 58°856 | 
: Oat 827977: 554800550. | 
33 52 2°538 | o-sr74gri4 | : 
Monacn . Cleisham  , 523842308 oeeesg7ess 58 21 23°543 | 6 18 32°931 | 179 59 55°306 
oO 28 22°809 | 5°15658744 | . 
| : 96 5 32°526 | 9°95589208 ) 3 | 
Bex Cumms.| Monach , . | “5+56589633 | 9°92683237 | 58 14 7-844 | 4 24 357534 | 179 59 53°07% 
IT © 19°348 | 4°64564665 
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MMorMoNTH 
| CoWlYTHE 
SCARABIN 


Ben Huvtia 


| Lorry Tmt 
} Jerrry ITIL1 
FOuULA 


YELL 





Ben Macvv! . 


1 CORRYHABBIE . 


Mount BATTOcK 


Nortrn Rona . 


Nortu Rona . 


Obtained from 


Ben Clibrig 


Ben Nevis 


Corryhabbie 


Corryhabbie 


Corryhabbie 


Corryhabbie 


| Ben Wyvis 


Ben Hutig 


Cleisham 


Ben Hutig 


Ben Clibrig 


Litty Hill 


Foula 


PRINCIPAL TRIANGULATION. 


Azimuth 
Log (Dist.) 
6 


o f i 
160 49 47°206 


5°65297290 
I 13 42°927 


60 8 58°903 
5°61442657 
I 7 27°589 


147 48 38°209 
5° 23133844 
O 27 55°312 


67 8 18°786 
5° 39385588 
© 40 35'640 


40 Il 25°557 


5°21084.748 
0 26 38103 


13 22 50°273 
5°51742292 
© 53 57°279 


2 16 20°291 


5° 59373052 
oO §2 16°751 


49 15 30°675 
5° 50903727 
© 52 55°169 


23 49 58°075 
5°66644395 
P16" -2°333 


46 5 2°207 
5° 59340827 
I 4 16°008 


34 14 35°080 
567036490 
I ¥6 43°644 


27 49 44°258 
5°54914673 
0 58 2°249 


50 25 16°360 


5° 37153330 
o 38 33°276 


Logs 
tan $(a’+w+%) 
tan 4 (a’—w+é) 


Merid. Dist, 


9 °23020235 
9°19480537 
5°62902369 


0°23979234 
0°20865545 


5 39129995 


9°46123158 
9°44815616 
5°15976935 


0°179579°9 
0°16056812 


4°97434578 


0°43767866 
0°42520591 
5°09243744 


0*93269266 
0°90742187 
5° 50516967 


* 79454330 
°67983218 


I 
I 
5° 50338045 


0°34058686 
0° 31495285 
5° 31879034 


0°67840956 
0°64217299 
5°62631191 


0° 37355004 
"34241572 
5°42940309 


0°51413438 
0°4.7728964 
5° 58457749 


0°60801187 
0°57929165 
5°49420109 


Oo 


0°32847110 
0* 30890232 
5°17173825 


a a A TU AR A NA 


Latitude. 


° é di 


57 4 14°043 
57 20 41°415 
56 56 57°813 


57 36 10°258 


58 13 14° 567 


59 7 17°674- 
59 7 :17°673- 
59 17 13°020- 
59 17 13°020- 


60 8 26°609. 


60 32 49°262 


0°492 - 


57124. 


Longitude. 


° i ‘i 


3.49 3°744 | 179 59 51°130 


3°Ir 41°826 


2 44 25°371 


2 I 52°860 


2 39 32°726 


3 35 24°240 


4 30 42°372 


5 48 49*941 


5 48 49°942 


3 0 3-669 


3 0 3°669 


2 5 38-668 


I 5 12°594 





N. Meridian. 


179 59 58°97! 
179 59 45°252 
179 59 41°208 
79 59 55°574 
179 59 57°292 
179 59 54°943 

No Observations. 


‘No Observations. 
179 59 55°970 
179 59 55°972 
179 59 55°435 


t79 59 56°139 


The following table contains, in continuation, those calculations which, on account of short 
distances, have been made by the shorter method, page 253. The fourth column contains the 
azimuth, and under it the quantity log (a, — 2); the fifth column contains log w, and under 


it log »v. 
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_ §tations, . 





| VW RoTHAM 
FAIRLIGHT 
Gaps Hut 
SOUTHAMPTON . 
| Weex Down . 
BONIFACE . 
| H. P. Ciirr . 
| JDUNKERY . 
DANBURY . 
THAXTED . 
BALSHAM . ” 


ELY 


WALPOLE, ST. } 
PETERS , 


WALTON . 
| Onrord CASTLE 
| Naveuron 
Sours Lornam 
CAMBRIDGE . 
Bunveien Moor 


BRANDON 


DurutAM ee 
SERVATORY 


Obtained from 


Leith | , 
VProtham 
Wrotham 
Dunnose 
Dunnose 
Dunnose 


Dunnose 


High Withays . 


Gads Hill . 


Danbury 
Thaxted . 
Balsham 


Ely. . 


» | Danbury 


Walton . 


Danbury 


Naughton | 


Balsham 


* 


Easington . 


Wordeslow 


Brandon 
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a 
log (A, — r) 


70 54 21°327 


2 


154 
3 
48 
2 


23 


Ww 


Nsw 


“7096411 


17 36°955 


"1987924 


51 58°617 
"5463514 


38 38°759 
"0269921 


50 23-916 
*8659956 


40 2°5865 
7333557 


8 42°536 
"9062282 


Q 24°059 
*2360686 


46 55°418 
"0366381 


6 29°961 
°9327734 


36 20°221 
*8090972 


18 5°535 
*9805123 


12 10°398 
"074.7678 


15 24°207 


2°7324202 


w 
Nw 


300 
2 


273 
I 


237 
2 


76 
ot 


rt 0*660 
°9181246 


3 48°749 
*1426472 


20 15°618 
"0248051 


46 5°775 
4677743 


9 #097) 
"3610169 


20 45°47! 
*5283780 


I 37°042 


*6794005 


3° 3733176 
3°2653261 


3°0801327 
29742397 
2°8090361 
2° 7017054 
2°8674192 
2°7504774 
2°1205966 
2°0086731 


0° 7364515 
0°6245440 


1°2949586 
1*1830290 
3° 1840991 
3°0741358 


2°5991922 
2°4931295 


2°9224987 
2°8180515 


1°9260432 
1°8228320 
2°3016187 
2°1997171 
2°1577078 
2°0575441 
3°4.100293 
3° 3053156 
2.°Q413812 
2°8377890 


3° 1330371 
3°0290306 


2°2087172 
2°1067134 


2°9046345 
2°8021908 


2°8550821 
2°7661350 
2°9594180 
2°8717277 


2°5214408 
2°4335340 


4R2 


Latitude. 


Longitude. 


51 18 58°708 |—o 17 11°156 


50 52 36-494 |~-o 
§I 24 50°061 =6 
50 54.47°226 | 1 
50 35 50°277| 1 
50 36 g°628} 1 
50 35 43°168 | 1 
5I 9 44°1IQ | 3 
51 42 57°897 |—0 
51 57 13°663 |—o 
52 7 57°968 |—o 
52 23 54°041 |—o 
52 43 41°3884 |—o 
5I 51 50°130 |—1 
52 § 37°41 |—1 
52 6 4°547 |—o 
52 23 43°295 |—o 
52 12 50°821 |—o 
54 34 15°742 1 
54 45 17°629 


54 46 5*300 


&_° 


4 


37 13°787 


27 55°379 


34 32° 746 
20 36°183 
Ig 11°84! 


15 51°57° 


13 27°787) | 


17 23°315 
31 57°053 
57 II'175 
59 52+878 
5 48-991 


2 20°411 


1. 40.36°632 


I 35 4°400 


683 


N. Meridian. 





° ‘f it 


180, 0 5°566 


179 59 53°495 
179 59 577669 | 
£79 59 12°217 | 
180 1 45°759 
180 0 15°237 
_ Nil 
180 0 0502 
59 35°378 
59 55° 604 
59 53°39! 
Oo 14°310 
59 49°457 
59 57°616 
I 59° 342 
180 oOo 2°584 
179 59 59° 387 
| Nil. 
179 59 50°197 


179 59 56006 


‘Nil. 


a od. 
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Stations, Obtained from log (A,— 2) reo is Latitude. Longitude. N. Meridian. 
Hove » «| Kappure . + ‘ hein 53 22 23° 130 6 4 5-105 180 6 1-084 : 
Gacron} | Hort « « «| 208 2 Tash | 23530873 | 53 17 32559 | 6 7 sr°sss) 
Duxricn «| Hart Fell . See ee 55 34 I9°950 | 3.14 I°472/ 179 59 56°249 
Cee Dudwick . Die eer | 57 27 33°231 | -1 48 37-0941 179 59 49°33 
ae oe Little Stirling . ee area tee 57 27 50°143 | -1 47 16°371) 179 59 11°992 
Roxas. | Vell», «| 700 3 AO7HO | 31tN OSE | Go 32 3°843| x 26 37-594] 179 59 54-228 j 
Bure. .| Yeu. . «| 35,$6,87/3°° Soares | 6045 77156] 0.47 4+242| 179 59 57-859 1 
Saxavonp Vell. «+ | 73 oe ler | | 2-Sqo7qy2 | 6° 49 41°992 | © 50 207733] 179 59 57°673 : , 
| Gertu or Scaw| Saxavord sy ee aye 60 49 1°818 | 0 46 9°39!) 179 57 37°295 : 
| Gerri or Scaw| Balta . . Bee oe. 6 49 1°818 | .0 46 9°389) 179 57 37°293 
| Doceawe «1 { able, }] 54.24 a7-78t | 311585636 : dies Miles wideacil 
Morpinctoy .| Sayrs Law  . Sra - San 55 48 28°453 | .2 4 10°535| 180 Oo 7°596 
| Bunyswanx .| Hart Fell « . se cee eee 55 5 42°270 | 3 16 37°679 180 0 2°176 


Let us now compare the latitude of Saxavord arrived at by these calculations with the 
distance of the parallels of Dunnose and Saxavord calculated at page 508. For this purpose it 
will suffice to calculate the length of the meridian arc between the latitude 50° 37’ 37-748 (the 
latitude of Dunnose, see page 677,) and the latitude 60° 49’ 41": 992. 





* Kingstown Observatory is fixed from Howth and Poolbeg Lighthouse, All the angles of the triangle Kingstown- 
Howth-Poolbeg are observed, and Poolbeg is observed from three points,—Lyons Hill, Dublin Observatory, and 
Howth. This connection gives two equations of condition, whence we obtain the following corrections— 


Lyons to Poolbeg +0 "4314 Poolbeg to Howth —o* 6694 
Dublin to Poolbeg — 0°0215 Poolbeg to Kingstown ++ 0'5454 
Howth to Kingstown — 5°2898 Kingstown to Poolbeg — 3°0158 
Howth to Poolbeg + 0°2668 Kingstown to Howth -+ 0°2803 


to be applied to the observed bearings. 
From these corrections it is easily found that the angle at Howth between Dublin and Kingstown i is 70° 8' 37048; 


and that the log. distance from Howth to Kingstown Observatory is 4° 5117759. 
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By page 267 we have this distance S— 


8 a? DB? 
S= oy (me - mM, sin ¢cos2A + m,sin2>¢cos4A — m, sin 3 9 cos 6 4) 

















matt on m, = 3n + 33m 
mM, = = n? m, = 3 ris 
In this calculation we must use the same values of a a? b as in the calculations of latitudes 
and longitudes ; namely, a = 20923713, b = 20853810. These give m = 1-0000062993 3 
M, = 00501969; m, = +00000524943 m, == +0000000068; also ¢ = 10° 12’ 38”-244; 
20 = III° 26’ 45”-743 log 8 a? Ub? (a + 5b) = 7-31991025. - 
First Term + Second Term +- Third Term — Fourth Term-— 
7°31991026 7°3199103 7°31991 73199 
ms "00000274 m, ° 3-7006768 m, ° 6-72011 m, 9°8328 
. ? aes sing + 1-2486288 sin 2h + 1-54272 sin 36 + 1-7072 
sin I : : 5574 7 cosS2n - '1+56303 5% cos 4 rn 186489 COs 6A - T9549 | 
6-57084262 3°8322513 1+44763 28145 


First + + «© 6 «© «© 3799567-89 
Second + + + + © «© -- 6795-97 


Third «+ «© © «© «© «© “— 28-03 
Fourth «+ 6 6 6 6 om -O7 


Distance of Parallels » + + + 3729335-69 
which execeds the quantity calculated at page 508, namely 3729334-07, by 1+62 fect, or less than 
20 inches. ‘Chis difference must be admitted to be immaterial, when we consider the multitude 
of figures through which the present distance is obtained. 

We may apply the same test to the calculated latitudes of Hensbarrow and Ben Hutig and 
their merweny distance calculated at page 506. ‘The latitudes are 50° 22’ 58”-810 and 
58° 33’ 5”-124, hence 6 = 8° Io’ 6"-314 and 2a = 108° 56’ 3-934: the calculation is as 
follows :— . 











First Term + Second Term + Third Term — Fourth Term — 
7*31991026 7°3199103 731991 7°3199 
M+ 01000002744, m, + 3:7006768 m, + 6-72011 m, © 9:8325 
3 446844059 sing + 1+1525433 sin 2 + I-44Qi4 sin 3 > « 1-6178 
sin 1” + 6 68557487 COS 2A + I-SILIQS7 cos 4A + 189731 cos6A + 19226 
647392846 3-6843261 1-38647 23-6928 


First +6 « «© © © -« 29478025-78 
Second + + +» © «© «© +4 4834-22 


Third e ° e ° . ® — 24°35 eB: 
Fourth+ + « © 6 © — +05 


Distance of Parallels . . + « 2982835-60 
which differs only -o9 of a foot from the quantity given at page 506. 
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ity. 
Equations of Condition. 


Latitudes.—Besides the thirty-two points whose latitudes have been determined with 
Ramsden’s or Airy’s Zenith Sector in the course of the Ordnance Survey, we may also take 
account in our equations of condition, without increasing them to an unmanageable number, of 
the observed latitudes of the Observatories at Cambridge, Durham, and Edinburgh. 

The latitude of Cambridge Observatory, kindly supplied by Professor Challis to Captain 
Yolland in 1851, is 52° 12’ 51.63. A first determination was made by the present Astronomer 
Royal in 1833, an account of which is given in the volume of the Cambridge Observations of 
that year, and in the Transactions of the Cambridge Philosophical Society, vol. v. An account 
of a subsequent determination by Professor Challis, is given in the volume of the Cambridge 
Observations for 1838, page lviii. The (weighted) mean of the two determinations is the 
latitude above stated. 

The latitude of the Durham Onses seauaee kindly supplied by Professor Temple Chevallier, 
is 54° 46’ 6”-20., 

The latitude of the Royal Observatory, Edinburgh, is 55° 57’ 23-20; kindly supplied by 
Professor: Piazzi Smyth. Hence the latitude of Calton Hill Trigonometrical Station (which is 
6-08 feet sas to the south than the Centre of the Dome or of the Altitude and Azimuth Circle) 
is 55° 57° 23° +14. 

The following table contains the comparison of the astronomical latitudes with those 
calculated with Aury’s elements :— 





Stations. Observed Latitude. | Calculated Latitude. Diff. 


: . o é fi o i “i a“ 
Greenwich . . . «| 51% 28 38°30 


Saint Agnes . . «© «| 49 53 33°93 | 49 53 30°776 | — 3°154 
Goonhilly. . . .« . {| 50 2 5§50°07| 50 2 45°352 | — 4°718 


Hensbarrow . . . «| 50 23 .+1°84) 50 22 58°810 | — 3°030 
Black Down . . . «| 50 41 48°89! 50 41 10°287 | + 1°397 
Dunnose . ~ « «| 50 37 7°08} 50 37 8 3°748 | — 3°332 


Boniface, Down 2... 50 36 10°55 | 50 36 9°628 | —0°'g22 
Week Down . . . «| 50 35 51°42 | 50 35 50°277 | — 1°143 
| Wigh Port Cliff . . . | §0 35 43°28 | 50 35 43°168 | —orll2 
1 Southampton. . : .| 50 54 46°97 50 54 47°226 | + 0°256 
Preeelly 2. 2. 2. «| 5206 56 «45°18 | 51 56 44°755 | — 07425 
Arbury Hill. . ww | 52) «130 26°59 | 52 «130 27°287 | + 0°697 
Delamere. . . . «| 53 «13 «861 | 53° «13° «177274 | — 1°336 
Clifton Beacon . . «| 53 27 30°40/ 53 27 27°022 | — 3°378 
Burleigh Moor . . «| 54 34 19°67] 54 34 15°742 | — 3°928 
Hungry Will... . | 5 4 10°26 | 5x 4r rr-474| + r-214 
Feaghmaan 2. . «| 52,55 22°85 | 51 55 20°297 | — 2°553 
Forth. . . . 4 52 18 57°91 | 52 18 56°829 |} — 1°08! 
Tawnaghmore . . .| 54: 17 41°34} 54 17 39°605 | — 1°735 
Lough Foyle. . . .|.55. 2 38°74) 55 2 33°931 | — 4°809 
South Berule. . . «| 54 8 56°40} 54 8 57°597 | + .1°197 
Ben Lomond, . . . | 56° In 26°27 + 5G 11 25°260 | ~ 1'oI0 
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Stations, Observed Latitude. | Calculated Latitude. Diff. 
Kellie Law e dey ak 56 14 51°52 56 14 53°689 + 2" 169 
Ben Heynish., . . 2 | 56 27 16°88 1 56 27 19°638 | + 2°758 
Great Sterling -. . «| 57 27 49°12 | 57 27 §0°143 | + 1°023 
Cowhythe . . . «1 §7 4t 8°96] 57 41 o*4g1 | — 8°469 
Monach 8 eo 2 we ef 58 2t 20°84 | 58 21 23°543 | + 2°703 
Ben Hutig . . 2°. | 58 33 6°47) 58 33 5*124] —1°346 
North Rona . . . 1. | 590-67 «5°19 | 59 7_)—«17°673'| + 2°483 
BAG «2 2 ¢4.% % 60 45 1°66) 60 45 7°156| + 5°496 
Gerth of Seaw  .  . «| «(60 «648 «656°43.| 60 49 8 1°818 | + 5388 
Saxavord. . . . «| 60 49 38°58 | 60 49 41°992 | + 3°412 . 
Calton Hil... «| 55 (57 «23°14 | 55 57 18042 | — 5°098 
Durham . . . . .| 54 46 6°20{ 54 46 5°300} — o0"goo 
— 0'809 


Cambridge . . . . | 52) «2 5163} 52 «12 «50°821 





A careful examination of the differences in the last column of this table will make it clear 
that the elements used will require modification, as, with some exceptions, we have negative 
sions in the southern, and positive signs in the northern Station. The required modification will 
increase the discrepancy at Cowhythe by more than one second; we shall therefore omit this 
Station in the Equations of Condition. ji 


Longitudes.—The Astronomical Observations taken at different Stations of the Triangulation 
during the progress of the Ordnance Survey, do. not include any determination of longitude. 
The longitude of Feaghmaan has, however, been determined by the Astronomer Royal, assisted 
by Captain Gosset, R.E., and a party of Sappers from the Ordnance Survey. Of these 
operations an account is given in the volume of the Greenwich Observations for 1845. The arc 
of longitude from Greenwich to Valentia was subdivided at Kingstown near Dublin, where a 
temporary observatory was erected. The transit instruments used at Kingstown and Valentia 
were the property of the late Mr. Sheepshanks, wno took an active part in the undertaking ; the 
length of the former was 42 inches, that of the latter 30 inches. Jor comparison of the transit 
clocks at the different Stations, thirty pocket chronometers were used, carefully packed in two 
cases. From Greenwich to Liverpool the chronometers were transmitted by railway, thence 
by steamer to Kingstown, thence by railway to Dublin, and thence by mail coach to Limerick. 
From Limerick to Tralee the chronometers were transmitted by mail coach, under charge of a 
Sapper, and thence under another Sapper to Cahirsaveen Ferry. The chronometers left Greenwich 
the first time on the morning of June 27, 1844, and reached Kingstown the last time on the 
morning of July 27, having made nine journeys the one way and eight the other: they then left 
Kingstown for Liverpool Observatory on the evening of July 27, and were returned to Kingstown 
the last time on the morning of August 4th, having made four journeys each way: they then left 
Kingstown for Feaghmaan on the evening of August 5, and were returned to Kingstown the last 


time on the morning of September 14, having made ten journeys each way. 
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For all the details respecting the reduction of the observations, determinations of clock errors, 
corrections for personal equations, &c., the reader is referred to the Greenwich Observations for 
1845, where every point is very fully treated. The final results, page ccxxiii, are :— 


. m 6 6§ 
Liverpool Observatory, West of Greenwich +--+ 12 0-05 


Kingstown 39 rT) er eee es 24 31°20 
Feaghmaan $9 33 oy) oe «© 2 6 41 23°23 


The longitude of Cambridge Observatory, as finally determined by Professor Challis, from 
Observations of Galvanic Signals, is 22°-689 Hast of Greenwich. This determination will be 
found in the Monthly Notices of the Royal Astronomical Society, vol. xiv, May 1854. The 
previously adopted longitude was 23°-54, determined by transits of chronometers between 
Greenwich and Cambridge in 1828, of which an account is given in vol. ii, of the Transactions 
of the Cambridge Philosophical Society. The dome being 45-4 feet east of the transit instru- 
ment, its eastern longitude is greater by 0-729 or o°-049. The longitude of the dome is 
therefore 22°-738. 

The longitude of the Durham Observatory is 6" 19-75. The dome being 12-5 feet west 
of the transit instrument, its longitude is greater by 07-21 13 or of-o143 hence the longitude of 
the dome is 6” 19°- 764. 

The longitude of the Ae ral Observatory, Edinburgh, i is 12” 43°-00; that of the Trigonome- 
trical Station is greater by 0-056 or 0°: 004. 














Stations. Obsd. Longitude, Cale. Longitude. Diff. | D x cosa 

o / ‘i o / / | 
Calton Wii . . 3 10 45°06 3 10 55°592 — 10°532 | — 5°86 
Durham . . . I 34 56°46 I 35 4°400|— 7°940. — 4°580 
Cambridge . . . «| — 0 § 41706 '— 0 § 48'991 | + 7°931 «+ 4°859 
Kingstown , . 2. 6 7 48°00, 6 7 51°553/— 3°553 0 — 2°12 
} Feaghmaan . . . a Io 20 48°45 {| 810 20 45°313 | + 3°137) + 5°935 








Azimuths.—Pages 167 to 196 contain observations for the determination of absolute 
azimuth at thirty Stations: page 197 contains an abstract of the results of similar observations 
at thirty-one additional Stations, which being less accurate or less important from their position 
in the triangulation, it was not considered necessary to print in full. The calculated probable 
error Is given, which will show the amount of dependence that may be placed on each. Obser- 
vations for azimuth have been also taken at a few other Stations, but have been cancelled, having 
been taken either under very unfavorable circumstances, or by men under instruction, or merely 
for practice. The sixty-one results given in this volume are more than ‘sufficient for the deter- 
mination of the absolute azimuth of the triangulation as a whole. 

It would swell the number of equations of condition to an unnecessary amount were all these 61 
results included ; it has been considered sufficient to take the first thirty (given in full) together 
with the azimuths at Docking, Orford Castle, Walpole St. Peters, Sayrs Law, and Scournalapich. 
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i contrasted. The sixth column contains the required difference. 
: Abstract Reading Observed Azimuth a 
; Stations. of . of R- fh E apoyo S x cota 
Referring Object. Referring Object. = 
t - ; “ ‘ “ “ au u “ 
3 Blackdown. . 2... 316 31 58+96 316 32 55 | — 2°59; — §°854!1 — 8444 | — GrQT5 
i Dunnose., . 339 12 19°99 | 339 12 12°59) + 740 |— Ir1'025| — 3°625 | — 2°976 
i Preeelly . 2. . . «| 21n 58 30°09 | 211 58 46°38 | — 16°29 | + 15°851} — 0°439 | — 0°344 
" Cowhythe . . . . «| 66 27 31°gg9 | 66 27 36°91 | — 4°92 | + 4°426] — 07494 | — 0°312 
f Wrotham . . . . 21274 56 45°11 | 274 56 37°50] + 7e6r}— 5°566, + 2-044 | + 1°637 
q Gads Will «ww we | 307 «It «S0°07 | 307 «rt 48'go5 | + ortiz | + 2°33r) + 37451 | + 2°754 
; Fairlight .  . : 276 5) = 8*93 | 2760 55 re57 | — 2°64} + G'505]| + 3°865 | + 3°144 
‘ | Orford Castle . . . «| 68 51 29°77} 68 49 23°65 | +4126-12 | —119°342! -+ 6-778 | 4. 5-278 
: Balsham 2. we ew | THO) 59 «14°94 | 150 59 «12°77 | + 217} + Grbog}] + 8°779 | + 6°826 
: Walpole, St. Peter’s . . | 194-47 29°96] 194 47 38°91 | — 1°95 | + 10°543] + 8-593 | + 6°539 
Docking . . « « «| 40 47 20°10} 40 47 21°26] — rerO {+ 7574) + Gratg | + 4°85 
South Lopham. . . «| 190 11 6°82} 190 Tr 2°68 | + 4rIg4 | + 0413] + 4°553 | + 3°507 
Leith Hill. 6 1 we | 22% 32 45°05 | 221 32 §3°T7 | — Brizi+ 5°879) — 2°241 | — 1°803 
Butser . . « « « «| 1O8 1 14°96] 108 10 54°92 | + 20°04 |— 25°036] — 4-996} — 4*049 
Beacon Till » + « | 212 §2 57°12 | 212 52 55°08 | + 2°04 [— 3°996} — 1°956} — 1°574 
Barrow Hill .  . «- «© | 352 32 «29°98 | 352 32 «27°79 | +: 2°19 | — 11°463] — 9°273 | — 7°718 
| Lundy Island . . «© «| 194 25 §So*gg} 194 20 4°99 | — 14°00 | + 15°43L] + 1°43r | + I°1S52 
| Dunkery . . . « «| 84 41 gt9S} 84 4r 14°46] — 4°48 |}— 0°502| — 4°982 | — 4rorl 
Mowcopt . . « « «| 280 37 6:87} 280 37 2°55!) + 4°32 {+ 41°671| + 5°991 | + 4°496 
York Minster . . . «| 260 26 25:03! 260 26 26°63} — r°60}— 2°458| — 4058 | — 2°g52 
| Easington . . « » «| 128 38 55°03 | 128 38 60°49} — 5°46)— org13) — 6°373 | — 47535 
| Wordeslow. « «© «© «© | 57 52 4°98] 57 Sr 18°05 | — 13°07); + 5°304] — 7°765 | — 5+468 
| Hart Fell . 2. . «© © | 350 20 29°89} 350 20 «rrerr | + 18°78 | — 13°769| + 5-ort | + 3°456 
| Cheviot . . . « + {246 g r5'05 | 246 g 30°63 | — 15°58 | + 9°*609| — 5°971 | — 4°107 
Dunrich . . . «©... | 242 28 4g2°r2 | 242 28 56°85 | — 14°73; + 3°751} —10°979 | — 7°525 
Goat Fell . . |, © | 233° 2 2°34 | 2330 «£57798 | + 4°33 1— 8555) — 4-225 |} — 2°8g0 
Sayrs Law. . . - + | «113. 50 20°00 | 113 50 21°61} — Or |— 07304] — I*gI4 | — 1°298 
Mordington . . . «| 148 27. 44°92 | 148 27 gost] + 4°41 |— 7°596| — 3:186 | — 2°165 
Burnswark. 2 .  . «| 204 52 2°04 | 204 52 720] + 4°84 /— 2°176] + 2°664 | + 1°859 
Ben More, S. Uist. . . | 305 41 44°45 | 305 41 4tt7o} + 2975 |— 7°077| — 4.327 | — 27782 
Ben Macdui . ., 161 48 21°98 | 161 48 29°96} — 7°98 |} + 8°786| + 07806 | + 0°522 
Ben Nevis. . . . «| 81 52 46°07} 81 52 22°61 | + 23°56 | — 14°782) + 8°778 | + 5°745 
Scournalapich . . .  . | 35r 58 39°99 | 351 58 35°14 | + 4°85 | — 12°240} — 7°390 | — 4°732 
Mount Battock . . . | 238 28 21°50} 238 28 44:26 | — 22°761+ 14°698} — 8-062 | — 5°246 
Mormonth. . . . «| 84% §5 17°02 | 84 55 4nr1g | — 30°17 | + 18+792} —11°378 | — 7°220 
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Abstract Reading of Q at P (pages 72-166) 
Referring Object at P 


33 


33 


Observed azimuth of 


Calculated azimuth of Q 
Observed azimuth of Q 


’. (Cale, — obsd.) azimuth 


33 


33 


» (pages 166—197) 
Calculated correction to A (pages 372—413) . 
Calculated reading of North Meridian at P 


=A+C+EH 


A+C0+R—R 


+k — hk’ 


689 


For the comparison of the observed and calculated azimuths, Iet P be a Station at which these 
quantities have to be compared. 


A 


In the following table the calculated and observed azimuths at thirty-five Stations are 





690 PRINCIPAL TRIANGULATION. 


Equations of Condition.—If the sides a, b, and the included angle C of a spherical triangle 
receive increments da, db, and dC, the corresponding variations of the other parts are given by the 
following equations :— 

sine dA = sin B da — cosesin Adb ~ sina cos B dC 
Sine dB = sin A db — cosesin Bda — sind cos A dC 
de = cos Bda + cos A db + sin bsin A dO 


These are without much trouble transformed into the equations (18), page 620. 
If'in the latter we put— 


v _ @ 100 J 
ea ane ear ce lee 


t 


and also for y and ¢, write u(arc 100”) and v(arce 100”) respectively, then— 
Qe =u’ (VN — A) sin i” ¥ 
— 86 


l 


100 @ sin 1”-w + 100g O sin 1”-y 


Where g is a constant quantity, namely the value of —**""*_ for the latitude of Greenwich ; 


= 0-307299 = log-' 14875618. Divide each of the three equations: by sin 1”, and the 
second and third by — sec 4’ and tan 2’ respectively ; they will then assume the form— 





Sok +a€é+bn+¢eu+e,v 
woh, +a,F+b,7+¢e,u+ev 
Woh +a,§+b47+¢ut+ 64 


The values of the absolute terms are— 
ik, = (calculated — observed) latitude 
ik, = (observed — calculated) longitude x cos 4’ 


i, = (calculated — observed) azimuth x cot A’ 


The values of the coefficients are— 


@, = COs w b, = sin dA sin» — 
¢, = pO cos a’ ¢; = peg cosa’ + pi (r’— A) | 
Ur 7 cos 4’ sin 8 cos 2’ ia 

Os i 2 COS A cot A | 
c, = 100 O sin a’ €, = 100g @ sin e’ 

_ sino sin A cos w 
a, — —_— Sle b, = =, 

gin A sin A 


Cc; = 100 6 sin a’ ¢, = 1009 6 sina’ 
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The following table contains the logarithms of » sin 1” and p’ sin 1” :— 


nv’ Log sin” | Logp’sini” | A 7 Log usin” | Logp’sinr” | A 
Pao] 8 | gaoter | 46 | 0 | 68652 | Ga26s3 | oo, 
40 77: eee aes 40 ee Beavers 33° 
5° 0 6°68676. | . AE 458 56 o 6°68654 | 6°21043 ae 
20 : - O° ° 
ie 73: |-Gragoqt | 493 | Ge BF) pezercs | 548 
51 0 | 6°68672 628575 47x | 57 9 | 6768650 | 6-19408 ae 
40 v6 were to | yes 18 ee 561 
52 0 6°68669 6°27149 184 58 o 6°68647 6°17726 a. 
io | es | easy | 8] i |S | eke | 327 
53 0 | 6°68665. | - 625685 a” 1 59 0 | 668643 | 6-15996 | 582 
20 64 ; 6°25188 497 20 42 6°15408 588 
| 40 62 | -6°24686 | 2° 4o 41 | 614814 | 594 
54 0 | 6°68661-|-6°24180 | 5 60 0 | 6°68639 | G6-14215 | 399 
20 60 | + 6°23669 | 26 20 38 | 6°13610 pee 
40 59 | -6°23153 : 40 3 6°12 i 
| 55 0 | 668637 | 6-22633 | 52° | Gro | 6-68636 | 6rt2g8r | 68 
a aa a ae eo RESO ; . _ om : 


In the application of the equations (18), page 620, to the different points in the triangulation 
at which astronomical observations have been taken, it is to be observed that @ corresponds to the 
distance of any such point from Greenwich, and «’ is the azimuth of Greenwich from that point. 
All azimuths are measured from north by east, and longitudes westward. It is immaterial that 
the latitude, longitude, and direction of the meridian at any point have been arrived at, not by 
means of the direct distance from Greenwich in one step, but by several steps. The quantities 
6 and «&’ are required for every point entering into the equations of condition; their values, 
computed from the latitudes and longitudes, are as follows :— 








Stations. 6 a’ Stations, 0 a’ 
Arbury . . .« . . I 3 19 134. 26 13 Cowhythe : 6 22 51 164 55 42 
Balsham .. . © 40 59 196 57 44 Cheviot . 4. 11 26 161 24 23 
Barrow Hill . z 38 37 0 26 50 «| Corryhabbie . : 6 8 31 161 4 § 
Bardon I 28 34 146 10 38 Cambridge : O 44 15 184 41 49 
Butser O47 24 50 29 16 Cradle ; 1 59 27 102 30 55 
Ben Lomond. 5 26 14 147 56 34 Dunnose . ‘ 1 $8 27 40 49 2 
Ben Hutig 7 30 55 158 0 0 Delamere. ‘ 2 23 26 135 38 12 
Ben Heynish 625 5 137 48 20 Dunkery . 215 45 80 37 9g 
Beacon Hill. . . . I 6 53 74. 3°55 Dunrich . 4 30 153 51 I 
Ben More, South Uist . 7 9 25 140 36 14 Durham . S25. 5 163 12 32 
Ben Macdui. . 5 58 33 157 29 52 Ditchling. O 34 42 6 33 28 
Ben Nevis 6 3 36 149 2 22 Dunstable © 30 30 139 4 22 
Black Down . 147 4 62 46 19 Docking . 1 28 16 195 20 21 
Boniface Down , Ig Q 40 22 52 Easington . . . . aw ey 170 20 48 
Burleigh Moor . 3 8 48 168 746 | Edinburgh Observatory 155 50 51 
Burnswark 4.619 | 150 10 so (Calton Hill). ry 4 5° 49 
Balta. . 916 3 | 1765742 |¥Feaghmaan. . . | 6 25 20 89 53 8 
Beachy Head 045 1% | 347 51 27 | Forth Mountain. 4759 99 4 30 
Bunwell . I 13 40 215 0 29 Fairlight. . O 42 5I 327 14 30 
Clifton . 2° “6 39 158 54 51 Frittenfield . 035 I 297 47 26 


48 2 
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Stations. 6 a Stations, 6 a 
°o é ti o é ii *] / 4 °o f ‘“i 

Goonhilly . . . - 3 34 18 64. 27 25 Orford Castle . . 1 7 46 237 38 21 

Gerth of Scaw . |e 9 19 57 177 2 29 II. P. Cliff 2. . IQ 20 39 59 13 

Gad’s Hill . . . «| 91749 | 282 28 50 |Preeelly. . . . 2 59 38 97 5 54 

Goat Tell. : 5 9 3! I4I II 4o Pertinny . : 3.49 II 66 51 30 

Hensbarrow . 3.13 34 68 22 11 Paracombe . 225 48 8I 22 28 

Hungry Hill. 6 5 I 88 7 11 Ryder’s THI . 2 37 59 66 54 0 
Hart Fell 4. 24 46 I5I 18 33 Scournalapich 6 34 15 I5I 19 7 
Inkpen 0.55 16 81, 37 51 Sayrs Law 4 38 14 158 58 40 

Kingstown 4 9 20 Il3 22 4 Saint Agnes. . 419 4 66 5 36 

Kellie Law 5 21 159 52 17 South Berule 3 52 49 13I 29 32 

Great Stirling, 6 3 48 169 23 47 Saxavord. x 8 9 20 46 176 46 49 

Leith Hill © 22 45 —g7 23.28 Slieve Donard .. . 4 28 36 124 37 18 

Lough Foyle. . . . § 20°35 127 28 7 Southampton. ‘ I 2 36 56 48 59 
| Lundy Island ‘ 256 8 $2. 7 2 South Lopham 1 611 214 17 36 

Lumsden ‘ 4 36 2 162 38 59 Tharfield Tower. . O 32 19 177 47 5° : 
Laxfield Tower . I 10 42 226 18 2 ofts ‘Tower. . . I 24 29 224 9 12 } 
Mormonth ; 6 13 2 168 15 5 Tawnaghmore . . 6 25 49 IIL 59 54 i 
Mount Battock . 5 41 2 162 31 18 Week Down. . . I 10 18 40 59 55 s 
Merrick . 4.3123 142 2 9 Wrotham, : O 14 25 312 3 «9 d 
Monach . . 7 45°23 149 31 36 Wordeslow . . 3 28 22 165 1 § | 
Mowcopt . os 139 29 15 Wingreen . . I 24 27 68 45 13 

Mordington . 4 29 27 163 18 28 Walpole, St. Peter’s (115 19 186 23 30 

Mendip . .. . I 36 33 79 45 46 York Minster « 2 33 49 164 46 33 

North Rona . 8 18 34 154. 6 55 . 
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8 Y« 
shite of the si sioeats 


that spheroid which most nearly coincides with the surface of Great Britain and Ireland. ‘These 
elements are— 

Semiaxis major = 20923713 + I0144- z 

Square of excent. = -00667054 + -0004848 v 
The quantities wand v, together with the quantities § and y for Greenwich, have to be deter- 
mined so that the &’s and 7s for all the stations shall be in the aggregate the least possible. 
The equations for latitude must be considered much more important than those for observed 
longitudes or azimuths, inasmuch as the probable error of an observed latitude is much smaller 
than the probable error either of a determination of longitude or of the direction of the meridian. 
Were all three classes of observations equally to be depended on, we might determine § 4 uv by 
making = (&?) + & (77) a minimum. This will, indeed, give us that surface which best repre- 
sents the whole of the observations, but we must allow an advantage to the latitude equations, 


_and a disadvantage to the others, in order to obtain that surface which should be considered as 


the best representation of the whole; that is, we must make & (&?) + w & (7?) a minimum 
where w is a quantity less than unity. 

Let £, = m-+ a& + by + cu + ev be the type of a latitude equation: y, = 2 + a’§ 
+. b'y + clu + e'v, the type of an equation derived from an observed longitude or azimuth, 
then & 7.u v are to be determined so as to make a minimum the quantity— 

S(m + af + by + cu + eve + wS (a + all + by + cu + ev) 

This gives the four equations— 

oO = (am) + w(a’n) + [a?] & + [ab] 4 + [ac] u + [ae] v 

o = (bm) + w(b'n) + [ab] & + [8] a + [be] wu + [be] v 

o = (em) + w(c'n) + [ac] + [be] a + [ce] u + [ee] o 

'o = (em) + wen) + [ac] & + [de] + [ce]u + [e]v 
where [a] = (a*) + w (a”): [ab] = (ab) + w (a0), &e. 


J. 


In the first instance, we shall determine those values of & 4 wv which make & (&) + & (77) 
a minimum, the value of w being unity. 
From actual multiplications the following values are found— 


(a*) = 33-7768 (ab) = 1-6788 (ac) = — 147;8547 
; (ae) = 1°2083 (57) = 0-1356 (be) = — 6-6372 
. (be) = 0-2341 {c?) = 1814-0613 (ce) = 25100 
() = 21146 (a) = 0-1676 (a’b') = — 31-7844 
(a’c) = — 94035 (ae) = — 2-889 5 (5) = 38-9743 
(b’c’) = 100-1245 (U’e’) = 30-7643 (c’*) = 548-8328 


(c’e’) = 168-6411 (e) = 51-8189 
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If we put 
A = ma + m, a, + m, a, + oo na’ + na,’ + ores 
B = mb + m,b, + mb, +°- - nb! +.n,b,! + eee 
"CC = me +m, C, + mie, + ee etsy a eee. 
D = me + me; + mye, + sees ne’ + mel + eres 
We get 7 


Oom=A+ 33-9444 6 — O-11056y — 151-2582 u — 1-6812 0 
o=B-— 01056 § + 3911084 + 93-4873 u + go-g984 v 
o= CO — 157-2582 F + 93-4873 9 + 2362-8941 uw + 171-1511 v 
o= D— 1-6812 € + 30-9984 + I7I-I5II uu + 52-9335 v 


I'rom these we find the values of & 7 w and v in terms of A BC D, as follows :— 


E= — -0471729 A + -o0100431 B — -00393545 C + -o1044100 D 
y= +- -o010043 A — -o4zor100 B — -oo004228 C + -02718515 D 
wu = — 0039354 A — -c0004228 B — -00087818 C + +00268843 D 
v= + -olo4410 A + -02718515 B + 00268843 C — -04237210 D 


By substituting the values of A B C and D, we have finally § 7 wv in terms of the observed 
quantities 7 m,-+- 2m, +++ with numerical coefficients. 
Suppose § =a A+ BB+ 7C + 3D, then by substitution 
£ = (aa + BL + ye + @e) m + (aa, 4+- Bb, + ye, + be,) m, + +0 >> 


Let also 
aa + Bb + yc + be =A 
aa, + Bb, + yc, + ¢e, = dA, 
aa, + Bb, + ye, + be, = A, 
and so on. Multiply these equations by aa, --:+-- and add, then we have a? + a2 + ..... 
equal to 


aS (se) + BS (A) + 7S Qc) + 8S (00) 
Now multiply the original equations— 


F=om+tak+t+byteute v 
F=m+a,§ + by + e,u + e,v } & 
f= m+ a,8 + bn + ¢,u + ev 


by a, 4,4, ++++ and take their sum, then of necessity ~§ + a, &, + 4,8, + +++ = 0, and 
since § = am 7 A,m, + A,m, + --- we have identically & (aa) = —-1; & = (ab) =o; 
= (AC) es SS (20) = 03 saan the sum of the squares of the soniiiclenks of the 
observed quantities in the expression for € is— 
fp AP PAZ + ores me — |e 
Similarly, the sum of the squares of the coefficients of the observed quantities in the expression 
for 7 is the coefficient of B taken with an opposite sign (that is, -04701 10); and similarly for 
u and v. 
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By substitution of A BC D in the linear expressions for & » uv, we get, after the necessary 
multiplications, the following values :— 


— ‘047172 Mo 
“O54741 My 
023345 Mr, 
"012537 May 
°O11460 m8 
"000603 2, 

‘OO22II ng 

"000933 736 
*002251 Mg, 
"OO1399 Nag 
"001627 146 


“OOI004 7M 
°003771 My 
"007339 Mr4 
"005384 Maz 
*O12002 738 
°018218 n, 


"003554 %8 
048245 M1¢ 
*004.982 7, 
°025272 Mag 
"010630 n46 


L+ti bt Ftettttetil 


— 003935 Mo 
°005682 m, 
-0014.66 m,, 
°003847 Mar 
"008971 2238 
*000054 2; 

‘QOOTO4 2g 

"000048 24. 
"OOOI0S 223 
"OOOO 7 Nag 
*000053 7246 


"OLOA4I My 
"027166 m, 

"014218 my, 
"0204.77 Maz 
— "012217 mag 
—°008970 22, 

— °027763 ng 

+ °029302 2; 
— °026316 7, 
+- 001228 229 
— 016751 M46 


| 


—*060944 22, 
— '054752 mg 
—"O45118 mye 
—°O12224 my, 
+-°O11742 Mz, 
+ ‘000815 7, 

+ OOI4I4 ny 

+ 000833 216 
+ 001962 73, 
+ "001612 24 
++ °0018Q5 225, 


— °008654. 2; 
— °003756 mig 
++ ‘OOI500 My¢ 
+ °005609 722, 
~— 012426 ayy 
—°032611 2, 
—"O1g461 ny 
— 051744. 246 
—*014823 23, 
— ‘015806 2,, 
“f° 001333 23, 


—'OO7144 my 
—*005685 mg 
— 003520 Me 
+ °003925 M2, 
+ *009028 73, 
— '000043 2, 

-+-*000026 22, 

—*000060 7,6 
+ °OO007I 73, 
++ *000046 7,, 
+ *000088 7,, 


+ °029465 m, 
+ "OZII70 mg 
“+f °004274. mMr¢ 
— ‘020177 M23 
— ‘011848 m3, 
-+-*009085 7, 


— "005354 % - 


+ °033826 246 
— °013842 23, 
~— 010739 Msc 
— *031986 zy 


tHe tt tt | 


Oe i nel ae | 


| 


++] | 


lr+ I 


Pte ttt | 


Lt++ + | 


"059576 m, 
"OSIQ7I My 
“O43 144 1116 
"O1082I mz, 
“OL17QO mM, 
‘OOIOIQ 2, 

“000931 Mio 
°00074.3 Nyy 
"OOTS5I2 Ma, 
"OO2017 Nsz 
"001867 nyg 


"007802 m, 
"002279 IM 


"002728 7146 


°005183 223; 
"012548 1259 
"047881 2, 

"O4Q701 20 


“O5 5412 Nyy 
"026017 22, 
"002412 5, 
"002139 M35 


*006820 m, 
"005044. Mg 
"003072 21246 
"004212 Mz, 
*009037 Iso 
"000042 72; 


*OO0051 No 


"000072 2, 
"000024. 702, 


"000098 2,, 


*000086 7235 


"027932 mM, 
°017296 mz, 
“OOLI42 m6 
*022320 Mz; 
“OLIT55 Meso 
°028285 2, 

039533 M10 
"038279 my, 
"001230 7, 


"033735 Ms 
°032807 25g 


— "056555 m, 
—°043175 M10 
— ‘O4OIIQ my, 
—°004966 m,, 
— *014064 5, 
++ “OOOIQ9 2, 
+ °000882 22,; 
+ *oo1108 7, 
+ *OOI2ZT7 2. 
+ *000083 735 


+ ° 001457 Myo 


—'005834 m, 

++ °001143 Myo 
+ °002487 my 
+ °003258 m3, 
4 *005923 M5, 
+ °008437 2, 

—*O5T244 Nyy 
— '043876 mg 
~~ ° 035739 2g 
—*020281 2,, 
— °O19094 25, 


—‘oo61Ig m, 
— *003042 220 
— 1002354 My, 
+ °OO5512 34 
+ *003518 m5, 
—*OO0051 2, 

—*000057 21; 
— "000031 28 
— *QO00I1O 2z¢ 
— *000086 2, 
++ °000030 2,9 


+ °023565 m0, 
+ °005485 210 
+ *OOOQ4T My, 
—° 021537 May 
=" 019532 Mx 
— °042613 2, 

+ °032544 2,, 
+ °023059 2218 
-- OIZQIT 23, 
— "004617 255 
— *006070 224, 


47 


"053878 mm, 
"040999 Mrz 


— ° 025033 Mg 


l++ +411 


ttt + 


"000048 7156 
"021876 m,. 
"0004.88 7. 

"000842 7, 
“OOI275 Nr 
"OOII4Y 226 


"001374. 735 
"001304 Myo 


003732 m, 
*003042 m1 
"0074.43 M8 
"000373 Mz. 
"007326 m,, 
“046487 2. 

"052999 M2 
"038516 2p 
"037561 226 
"025772 235 
"025187 Myo 


"005488 m, 
"002527 mz, 
“OOTOLT 72,g 
°006567 7226 
“OOL794. M35 
*000069 2, 

"000063 2,, 
“OOOOIT Ry, 
"OOOO 7 226 
"OOGOI5 2, 
"OOOOII 24, 


"019953 m2, 


"OOZIII Mz, 
"016823 my 
"O22109 Mz¢ 
*015426 m5, 
"090382 2, 

"034530 M2 
"016152 My, 
"0164.74 nag 
"OO198I 23, 
“001877 iyo 


"054.560 rite 
"033152 Mya 
“O19Q40 M249 
"OO1025 1226 
‘043661 m,, 
“OOI7I4 1, 

"000607 2, 
"CO1464 29 
"OOI274. Nyy 
"001654 7,, 


°003648 22, 

"005042 2, 
*006585 215 
"001293 2226 
"003042 m,, 
"024.539 26 

"060404 7235 
"031677 2225 
"031974 Nay 
"O15229 2,4 


—*005640 m1, 
— *000750 M15 
+ *002196 ayo 
°006784 2236 
*003206 m1, 
"000039 76 

*000089 722;, 
"OOOOII Myo 
"QO0OO! 23, 
"000049 7, 


"OZOQOI Nig 
"005394 mr, 
"018079 my, 
*020808 1226 
"013316 m,, 
“OOIT4I 16 

"044505 Mrs 
"007557 %20 


"009492 Ma, 
"OLIGSI 25, 


l+t+et+ i] + i 


—*054693 206 
—*031406 771, 
— °026249 220 
“+ °003975 May 
+- - OO1004 2p 

001344 7, 

+ °OO0Q13 rq 
-+-*002056 23; 
+ Oo1661 2228 
++ °002282 m6 


— "003741 m5 
+ *006054 21,5 
+ °006018 m2 
—~ °003794 May 
—"O470II No 
— °036786 2, 
— °049472 My, 


iene °O14477 Mer 


— 013940 228 
+ °022369 123¢ 


—°005671 m6 
— *000348 712;, 
++ *000798 226 
+ °007402 Mg, 
— "000042 No 

— ‘000004. 72, 

— *000052 21, 
-+-°000078 7,, 
+ *O00051 228 
- *OOOT42 23 


+ *O2T107 226 
— 007231 Mz3 
— "OI2143 Maso 
—- "020081 May 
+ °027185 No 
+ 013784 2, 
+ °030609 714 
—°OI4731 Mar * 
— *OI3164 238 
—*058408 73¢ 


698 PRINCIPAL TRIANGULATION. 


By putting the final values of € 4 uw v in this form, we can at sight estimate the effect that 
would be produced in them by an alteration of any of the observed latitudes. When the 
numcrical values of the observed quantities m, m,, &c., are supplied in these expressions, there 
results— | | 


ff 


& = + 1-479 

4 = — O°404. 
5 a= + 0°2433 

v= + 0-8918 


By substituting these in the Equations of Condition we get the following values :— 


Name. E 


Se | | EEE | cee ff Sh | ERS Sey Sey EN | re a a 


7 al dé 

Greenwich, . |-+1°479 |' Tawnaghmore . |—o'g948 | Greenwich . . |—o*404 || Barrow Hill . |—6°176 
St. Agnes .  . |—1°153 |; Lough Foyle . |—4°480 {| Edinburgh . . |—4°580 : Lundy Island . |+3°218 
Goonhilly . . |—2°794 || South Berule . |+1°808 | Durham . «Sw (—4°125 |) Dunkerry .  . [—2°519 
} Hensbarrow . |—1°*198 | BenLomond . |—1‘°292 | Cambridge . . !+4*402 |} Mowcopt . . |+5°273 
Black Down . |+3°108 |! Kellie Law. . |+1°818 | Kingstown . . |+0°792 | York Minster . |—2°769 
Dunnose . . |—1°618 |; Ren Heynish . |-+2°435 | Feaghmaan . . \+7°125 |) Easington . . |—4°477 
Boniface . . |-+0°796 || Great Stirling . |+0°052 | Black Down. . |—5°976 || Wordeslow. . |—5:°089 
Week Down . |+0°577 || Monach. . . |+1°365 | Dunnose. . . j—2°751 |) Wart Fell .  . |+4°879 
Port Valley. . |+1°608 || Ben Hutig . . |—2°858 | Precelly . . . |-+1°782 |} Cheviot. .) . |—3°351 
Southampton . |+-1°893 || North Rona . |+0°689 | Cowhythe . . j+0°731 | Dunrich . . |—6°216 
Precelly. . . |-+0'969 | Balta . . . |+2°6o1 | Wrotham  . . '+1°080 | Goat Fell . . |—o°514 
Arbury. . . |+1°945 || Gerth of Scaw . |+2°451 | Gad’s Till . . |+2°'103 || Sayrs Law . . |—0°216 
Delamere . . |—-0°416 | Saxavord . . |+-0°467 | Fairlight. . . |+2°408 || Mordington . |—1°447 
Clifton... j—-2°558 | Edinburgh . . |—5§*303 | Orford Castle . |+4°066 || Burnswark. . |+3°214 
Burleigh Moor . |—3°543 | Durham. . . |—o'590 |] Balsham. . . |+6°256 | Ben More .  . |+0°723 
Hungry Hill . |+2°925 || Cambridge. . |-+-0°443 | Walpole, St. Peter’s +6°023 |} Ben Macdui . |+-2'098 
Feaghmaan. . |~—0°876 | Docking. .) . |-+4°124 ! Ben Nevis .  . |+8*029 
Forth . . . j+0°260 South Lopham . |+2°579 | Scournalapich . |—2°413 
| Leith Hill . . |—z2°o13 |, Mount Battock. |—4°164 

Butser . . . |—3°938 || Mormonth . . |—6°512 
Cowhythe (€) = — 9°548 Beacon Till. . |-~1:069 |; | 





ap ee a ee ee ee ee pe prea ee Ree ee ee Tae 


| 
] 
\ 





The system of quantities § 7 contained in this table have this property, that the sum of 
their squares is less than that of any other system that can be obtained in reference to any 
spheroidal surface whatever. They are therefore to be understood as the actual inclinations of 
the surface (north or cast) to that of the spheroid we have above determined. They are, 
however, affected with errors of observation, more especially the quantities 7; for it is clear 
that their mean value should not exceed the mean valuc of the quantities §, whereas it is nearly 
double. 

Since this spheroid so nearly agrees with the observed quantities, it might be expected, with 
some probability, that the corresponding inclinations would agree in some: measure with those 
derived from calculations based upon a knowledge of the magnitude and position of disturbing 
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masses in the vicinity ; namely, the quantities given at page 664. The comparison of these is 
given in the following table :— 

| By By 
Geodetical | Difference. . Geodetical | Difference. 
Inference. * | Inference. | 


From.the 
Ground, 


™ 
a 


Forth . : 
Tawnaghmore . 
Lough Foyle 

Kellie Law . 

Monach . | 
Ben Hutig . 

Calton Hill, Edinburgh 
( Cowh ythe) « ; 


0°54 
2°42 
1°98 
3°29 
0°90 
4°55 
5°40 
1°95 


Dunnose 
Boniface 


Week Down 
1 Port Valley. 
Clifton. . 
Burleigh Moor’. 
} Hungry Hill 
Feaghmaan . 


Lt) Il a++] 
P+), +++) 
Ree rt Pte 
PE y tri it+ 
ee ie ae Oe | 
ins CO CON B&H OO 
mOWWMNnO OoOs] 


FIFLI ITI 
Teg ee ee 





If we disregard signs in this table, the average amount (omitting Cowhythe) of the deflec- 
tions accounted for by the ground is 2”-44, while the average of the corresponding deflections, as 
inferred from the connection of geodetical and astronomical observations, is 2”-10. The average 
amount of the differences in the third column is 1”-23. 

The agreement between the quantities in the second and third columns is not, perhaps, so 
close as might have been anticipated, and shows that the deflections cannot be entirely accounted 
for by the inequalities of the surface. In the Isle of Wight, for instance, we have a second and ° 
a half to the south which cannot be accounted for; and here it must be remembered that the 
attraction of the nearer parts of the mass of England have not been taken info account in 
assigning the deflections at page 664: this attraction, if included, would increase the discrepancy 
to at least 2”. | 

At Hungry Hill also there is apparently 2”-5 unaccounted for, as though the attractive 
power of the mountains had been overrated; while, on the other hand, at the Calton Hill, 
Edinburgh, there are nearly two seconds to the south unaccounted for, as if the attractive 
power of the mountains had been underrated. 

At Cowhythe the ground will only account for half the ‘disturbance ‘observed, and’ "Teaves 
four or five seconds unaccounted for. At Lough Foyle and Kellie Law the ground seems to 
account satisfactorily for the observed deflections. | 

The hypothesis of the Astronomer Royal respecting the influence of masses of high Jand 
upon the plumb-line (pages 572-3) makes it very doubtful to what distance from any given 
point their apparent attraction should be taken into account. We shall therefore divide our 
ground deflections into two systems: the first, which for convenience we shall call A, results 
from the consideration of the irregularities of the ground more immediately in the neighbourhood 
of the Station; that is, excluding all masses at a distance greater than nine or ten miles (in. the 
Isle of Wight Stations, three miles). In the second system, which we shall designate B, the 
action of more distant masses is generally included. This system is the one we have just been 


considering. © | 
4T 2 
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Let us next Compare the systeni of deflections A with those resulting from the surface which 








renders & (&) -+ & (7?) a minimum :— . 
By B 
¥rom the ' g y. 
Names. Ground. paca Difference, Names. ear oe Difference. 
| 
a a “i i ul il il 
Dunnose — 1°02 | — 1°62 | — o'60 Forth — 0°17 | + 0°26 | + 0°43 
Boniface + 1°94 | + 0°80 | — 1°14} Tawnaghmore . — 1°43 | — 0°95 | + 0°48 
| Week Down + 150 | + 0°58 | — 0°92 | Lough Foyle — 2°15 | — 4°48 | — 2°33 
Port Valley . 4 2°81 | + 1°61! — 1°20] Kellio Law . +208 | 41821. 
Clifton . : — 0°90 | — 2°56. was Monach . + 0°47 | +°1°36 3 
Burleigh Moor . — 3°03 | — 3°54 ' — o'51 | Ben Hutig . . — 1°63 | — 2°86 | — 1°23 
Hungry Will + 3°85 | + 2°92 — 0°93 | Calton Hill, Bainburgh — 2°43 | — 5°30 | — 2°87 
Feaghmaan . — 1°95 | — 0°88 | se (Cowhythe) . ; (—2") | — 9°55 | — 7°55 


It appears from this, that by omitting the deflection apparently due to distant masses, the 
two systems are brought to more close agreement in eight cases, and in four cases are rendered 
more discordant. In the remaining four cases, it is uncertain what would be the effect of 


extending the calculation over a greater extent of country. The average amount of the quan- 
tities in the second column is now 1-82. : 


The equatorial radius of the spheroid we are considering is— 
@ = 20923713 + 10144 u = 20926181 feet. 


It will be convenient to use a symbol 2« for the square of the eccentricity: and for the 
compression, let 





| 


Then we shall haye— 


I ret 
-SI-VI-g ret ee tes: 


Now, € = 0+00333527 + v.arce 50”, therefore in the present instance « = -00355145, 
and 


; = 00355775 “. ¢ = 281-08 
If wz and v be liable to errors du and 4v, then @ will be lable to the error 10144 mh and to 


find the error of the quantity c resulting from 6” we have—. 


er BaO+OR ae 


c? 
Hence, with sufficient precision— 


6c = — c?. are 50”, bv 


In the expression for u, page 697, the sum of the squares of the coefficients of the.m’s is 
o-000878, and the sum of the squares of the coefficients of the m’s is o-oo00001 ---+- In the 


| « 
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expression for v these quantities are 0-o102 and 0-0322 respectively. The mean square of the 
quantities § is 4-49, and the mean square of the quantities 4 is 16-13; hence— 


Probable error of u = + -674 (000878 X 49. fee eeee ) = + .042--- 


——, 


Probable error of v = + -674 7 (-o102 X 4°49 -+ +0322 xX 16-13 ) = + -507- 


a = 20926181 & 430 
c = 281-08 + 9°75 


It 1s to be observed that these probable errors are not to be regarded as results of errors of 
observation: they are the probable errors of these quantities as representatives of an irregular 
surface. The probable error of @ depending upon the errors of observed latitudes would not 
perhaps exceed + 50 feet, 


2. 

There is no general principle by which we can assign to the equations derived from 
longitudes and azimuths their value relative to the equations derived from observed latitudes. 
The probable error of a determination of either longitude or azimuth is considerably greater than 
that of a latitude, but their ratio cannot be generally assigned. In consequence of this difficulty, 
the equations themselves have been made to contribute to the determination of a relative 
weight ; for the ‘quantities » are much greater than the quantities § in the table, page 698, 
whereas they should not be, but for errors of observation. Let 2? and 7? be the mean squares 
of these systems of quantities, and put 2? = 7 + a? + a, y? = 7? -++ 6? + 6”, where 7 is the 
mean value of a deflection, a the error due to the astronomical determination of the latitude, 
a’ the error due to the corresponding geodetical determinations ; and let 6 and ( be the errors 
of the astronomical and geodetical determinations of azimuth or longitude. The quantity 
y? (16-13) is nearly four times 2? (4-49), but 6? + 6” is considerably more than four times 
a? + 0”, 

After due consideration, the quantity + was chosen as the representative of the weight that 
should attach to the equations derived from longitudes and azimuths in obtaining any final 
conclusions. 

We proceed to determine that spheroid which makes = (&?) + 4% (1)? a minimum. 

If in the equations at page 695 we make w = } and substitute the numerical values of 
(a) (ab) ---- they become— 

° o=A+ 33-8047 F + 1-3814y — 149-4219 U + 07267 v 
o= B+ 1-38148 + 6-63229 + 10:0502%u + 5-3615 v 
o= C — 149-4219 § + 10-0502 4 + 1905+5334 u + 30-6168 v 
o=D+ 0-7267F + 536154 + 30-6168 u + 10-7511 ¥ 


Where the values of A B C D are— 7 
A = ma + m,a, + m,a, + ++ + Lona’ + na! + nay +>: 
B= mb + mb, + mb, + +++ +1 (nd! +2, db! +n, db) +-- 
C = me + mc, + mic, +.+++ +1 (ne! +n, e/-+ nc) ++> 
D = me + me, + m,6, +++ +1 (ne + nie’ + 0, 6, +: 


° a e Ld 
New et” Nee Ne” 


By elimination we obtain— 
£= — -04751080 A + -00703928 B — -00393806 C + -o10g15470 D 
4 = + -00703928 A — -25463240 B — -00014427 C + -12691850 D 
uw = — 00393806 A — -00014427 B — -00087846 C + -00283978 D 
v= + -o1091570 A + -12691850 B + -00283978 C — -16513200 D 
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Finally, by substituting the values of A B C and D, we get the values of & y u v in terms 
of the observed quantities m, m,, 7, +++ %, %,,%,°+++ The values are as follows :— 
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—*O47511 Mo 
—*O55051 My 
— *023466 m,, 
— 012350 M3; 
+-°010998 735 
-+- 001187 2, 

fF °OO1494. 7g 

+ °OO1138 2. 
++ 001509 as 
+ *001246 22 


+ °001306 2246 


+ °007039 Mo 
—*015765 m2, 
+++ °035827 my, 
+ °024831 m3, 
— °054920 m8 
— ‘019996 22, 

—*008562 2g 

— * 043301 reg 
—*009738 M23 
—°O25221 Ngo 
—O13715 236 


— * 003938 mm, 
—*005708 m, 
+ *OOI500 m4 
+ '093879 mM: 


+ *°008898 2238 


+ “OOOOCO! 22; 
+ "000041 77 
— °000027 Ny. 
-+- °000040 7, 
+ °000005 Nay 
+ °000024 7256 


+ -*o10g16 m, 
+ °O41252 m, 
— * 04-3734 by, 
—*046593 ma 
+ *046426 mg 
aa 006524 My 

—°020648 22 

+ °022755 2. 
— °019535 Nas 
+ *O001371 Nay 
—'012331 244 


-060862 m, 
"055065 mg 
044532 Mig 
“012207 Mz, 
“OLIZ7I May 
*OOL 182 22, 
001238 2%, 
"OOLIO8 y65 
‘oO 


Daal 
ed 


+ 
as 
4 
ts 
+ 001433 M3; 
+ 001308 22, 
+ °001388 25, 
—*O40944 12, 
—*015676 mig 
+ "004661 my. 
+-°026761 m5 
— *056896 m:;, 
— ‘031215 1, 

— *020557 ity 

— 046010 246 
— *O17404 23, 
—°017843 230 
— "004413 25, 


—=°007186 m, 
—"OOS57II mg 


= "0034.98 Mys - 


“F *003954. M23 
29 008953 M29 
— ‘OOOOIT 2, 
+ OOOOLI Ny 
— *000032 1,6 
+ *000025 22, 


+ *000018 2,, © 


+ *OO0O4T 25, 


+ “063666 My 


+ 'O41244 mg 
— ‘012560 my. 
on "O44440 1, 
+°048734 tag, 
+ °007308 n, 
a "003659 Ny 
+ 026196 22,6 
— 010048 n,, 
—° 007738 230 
"023929 25, | 
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"059589 m,- 
"052238 my 
"042484. 2056 
"O10422 1g, 
"O11324 M59 


“OOLIS55 Mr 
*QOIO9O ny, 
*OO1295 23, 
"OO1427 25, 


*OO1379 738 


teehee tt | 


"036422 m, 


“OIOLIO my6 
"022772 Ma; 
°057593 M30 
"043116 2, 

"044546 210 
"048902 2, 
"025968 2,, 
003647 13x 
*003750 738 


— °006860 m, 
"005062 mt, 
"003042 1116 
"004248 m3, 


Lt + | 


*000025 2; 
*000028 2215 
*000037 21, 
*000006 72,, 


"COOO41 7238 


-++’060099 m, 

030409 my 

"022062 246 
"051035 M3, 
"049269 meso 
"021995 2, 

"023700 2ro 
"029586 n,, 
"001394: 22, 
°025283 23, 
"024561 259 


4, « 
— ws ~ 


a ee, Cee ae Se ee Ee 


+ Re lee.” Coup te Alt Seale: 


"OOL173 2; - 


"OOSQII my - 


*008962 M59 


‘000044. 75: * 


*056566 m, 
"04.3062 myo 
"039815 2, 
*005079 Mo, 
"OI4ZO0S 5, 
“OOTI98 2, 

4- OOTIAT 2; 
“001205 2yg 
"OO1Z05 Mz¢ 
"001034. M5, 
"OOI2Z55§ N5o 


°027327 mM, 
"005356 miro 
*O10742 My 
°016148 m,, 
028062 m5, 
"000756 n, 

"045738 21 
"040024 2; 
033468 2,. 
*021299 232 
°020315 2yq 


‘006149 m, 
003033 M10 


"002334. My» 
"005526 m2, 
°003550 137 
"000026 n, 

*000030 2, 
"000019 2; 
"000009 7234 
"000008 7;, 
*OOOOI2 250 


"04.7650 m1, 
"001986 m;6 
"015329 my, 
"033576 ma, 
04.5854 M31 
"032248 2, 
"025229 My, 
"018018 248 
"O1I037 Mg¢ 
"003263 75, 
"OO4198 2245 


—*054063 m, 
—°041186 m,, 
— 024353 M18 
+ *000298 m1. 
—*021946 m2, 
++ “OOIIQO 2, 

+ 001138 2;, 
++ ° 001252 Ni 
++ OOT180 226 
+ 001236 7n,, 
++ °OOI204 2,5 


—*016224 mt, 
+ °O15Q905 my, 
+ °032257 my 
— *003049 m2. 
+ '035488 m,, 
+ °030416 7, 

—°047148 115 
—*035868 245 
— "034851 246 
— ‘025589 25, 
— "025021 245 


—"OOSSII mm, 
—*002516 m,,; 
+ 001096 a5 
+ °O06571 m3. 
+ 001831 225, 
-+-"000058 2, 

— * 000033 212 
—*OOOOIT trp 


“—=* 000012 245 


+ 000004 22,, 


+ °000003 24. . 


+ 037839 m4 

— ° 007424. my 
— ‘060003 ‘7,8 
— 1024663 a2, 
—~*045704 135 
—°068812 2. 

+ °026742 2, 
+-°012766 2, 
+-°012983 226 
+ °OOI942 22;, 


+ 001849 22,5 


— "054871 mM. 
— *033163 m5 
—"OI1Q513 My 
+ *OOTOQI 2236 
—°044060 m,, 
+ *OO1371 25 

+ *OO1057 23, 
+++ *001300 M0 
+ OOI2ZI4 2%, 
+ °001323 2, 


—‘OI5I75 mz 
+ °O24441 21;, 
+ °029407 Mr 
— "006504 m26 
—°o11966 m,, 
—*O2Z501I 2 

—°052809 2,;, 
"030527 to 
— "030481 2s, 
—'017426 25, 


—*005666 mm, 
—*000724. 7,3 
++ °002240 My 
++ °006779 126 
— °00323I m;, 
+-*OQOOOIT 16 
— "000044. 22;, 
— "OOOOO! 235 
— *Q00004. 2224 
+-"Q000I9 25, 


+ °040490 ms 

—°027158 m3, 
— * 053359 Mig 
—"O16414. 27246 
+ '031967 m,, 
—*000838 26 

+ °034323 253 
+-°006227 220 
++ °007667 25, 
—*008428 25, 


tet+ttt il 


L+++ | 
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"055005 126 
"031536 m,; 
"026054 Mao 
"OO4122 May 
"CO1I73 No 

"OOI274 2y 

“OOII4O 215 
"001465 Max 
°001323 Mag 
"001506 723¢ 


"O15610 me 
"029847 mys 
"027959 M20 
"O18855 234 
04.24.39 No 

"034552 2y 

‘O44301 2, 
“O17214. Nyy 
“O16401 228 
“OIZOII 23¢ 


"005697 116 
°000320 Mtr; 
°0008 34. M20 
007386 aay 
"000024 25 

*900008 77 

*000028 71;, 
"000027 2x 
*Q0002T 238 
*000069 723. 


“Of T1O3 16 
"O3ZI2QI my, 
"041310 Mao 
°006375 may 
"021153 No 

-010967 22, 

°023753 M14 
“OLOTII May 
"009583 2g 
"O44.056 2236 
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Substituting the numerical values of the m’s and n’s from the Equations of Condition at 
pages 693, 694, the values of § y uw and v are found to be— 


&= 4, 1-491 
7 = — 0-888 
F 0+2479 
“-F 1+5397 


a 
v= 
These quantities do not differ materially, with the exception of the value of v, from those 
which render the sum of the squares of all a minimum. 
The system of corrections resulting from these values are as in the following table: — 














Names. | Names. Eg Names. 4 Names. 7 i 
“ “ u “ « 
Greenwich . . |+1°491 | Forth . . . |4+-0°358 | Greenwich . —o'888 || Barrow Hill. . |—5°851 : 
St. Agnes .  . {—1°'299 || Tawnaghmore . |—0°723 { Edinburgh . —4°361 || Lundy Island . |-+-3°766 | 
Goonhilly . . ;-—2°932 || Lough Foyle —4°306 | Durham. . —4°257 || Dunkery. . . [—2°212 | it 
Hensbarrow —~1'297 South Berule +1°955 | Cambridge . +-3°897 || Mowcopt. . +5°290 
Black Down +3°038 || Ben Lomond . |—1‘181 | Kingstown . +1°666 |) York Minster —2°998 | 
Dunnose . |~1°698 | Kellie Law . +1°917 | Feaghmaan. +8928 |) Easington —4°756 | 
Boniface Down. |--0°714 | Ben Heynish -+-2°560 | Black Down —5°902 || Wordeslow —5°233 ; l 
Week Down +0°494 ! Great Stirling . |+0°075 | Dunnose —2°977 || Hart Fell +5°372 | 
TI. P. Cliff. +1°526 || Monach. +1°334 | Precelly. +-2°358 || Cheviot —3°336 tf 
Southampton +1°845 || Ben Hutig . —2°931 | Cowhythe . +0°873 || Dunrich . —5°970 ; 
| Precelly. +-1°022 || North Rona. --o°564. | Wrotham +-0°532 || Goat Fell. +-0°179 : 
Arbury . +2°009 || Balta . . |+2°219 | Gad’s Hill . +1°516 || Sayrs Law —0°o82 ; 
Delamere —o'3or || Gerth of Scaw . |+2°058 | Fairlight Down |+1°783 || Mordington . —1°446 i 
Clifton .. —2°434 || Saxavord +0o°o72 {| Orford Castle +3°248 || Burnswark +3°479 | 
Burleigh Moor . —3°402 || Edinburgh . —5'1go | Balsham . . {+5°706 || Ben More, S. U.. +1°8g90 ; 
Wunery Hill +3°036 || Durham —o°446 | Walpole, S. P. . |+5°497 || Ben Macdui . +2°461 I 
Feaghmaan . —0°733 |, Cambridge . +o's11 | Docking . . |+3°511 jj Ben Nevis . . {|+8-686 ‘ 
South Lopham . j+1°88r || Scournalapich . |—1°741 \ 
Leith Hill. . |—2°417 |) Mount Battock . |—4-008 ‘ 
‘ Butser Hill. . j—4:20 Mormonth —6°s510 i 
Cowhythe (f) = — 9!"543 Beacon Hill. Sa . ; 
The comparison of these quantities with the deflections A and B, is as follows :— 
By Geod. | Def. Defl iff. E 
aa Tnferente A B "A : 
fi i él ii t 
| Dunnose — 1°70] — I'0o2z2 | — 0°54 | — 0°68 7 
Boniface + o°71 |. + 1°94 | 4+ 2°42 | — 1°23 | 
Week Down + 0°49} - 1°50] + 1°98} —I-or | 
| Port Valley + 1°53 | + 2°81 | + 3°29 | — 1°28 i 
Clifton , — 2°43 | — 9o°'go aks — 1°53 i 
Burleigh Moor . . .| — 3°40] — 3:03 | — 4°55 | — 0°37 : 
Hungry Win... | + 304 | 4+ 3°85 | + 5°40] —or8r fF 
Feaghmaan — 0°73 | — 1°95 avis + 1°22 if 
Forth é 4+ 0°36 | —orr7 |] + I°'r3 |} + 0°53 i 
Tawnaghmore ., — 0°72 | — 1°43 | — 2°30] + 0°71 7 
| Lough Foyle. . , — 4°30 | — 2°15 | — 4°02 | — 2°16 ' 
| Kellie Law ‘ + 1°92 | + 2°08 sia —o'16 i 
Monach + 1°33] + 0°47 cs + 0°86 . 
Ben Hutig » | = 2°93 | —~ 1°63 | — 2°or | — 1°30 
| Calton Hill, Edinburgh —{ — 5°19 | — 2°43 | — 3°57 | — 2°76 

(Cowhythey . . . 1} = 9°54] (— 2") | (5) | — 7-54 
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It appears, therefore, that, as in the case of the spheroid that renders } (&) + % (77) a 
minimum, the deflections A agree with the quantities in the first column more closely in eight 
cases, and less closely in four cases, than the deflections B. If we neplect Cowhythe, the average 
amount (independent of sign) of the differences A is 1”-11, while the average of the differences 
Bis 1-35. Ifwe include Cowhythe, the average of the differences A will still be less than 
the average of the differences B. 

The elements of this spheroid are— 

@= 20923713 + 10144. u= 20926228 
€ = -00333527 + are 50”.v = -00370850 
ce = 269-15 | 

The sum of the squares of the 34 quantities € corresponding to this spheroid is 146: 86, and 
the sum of the squares of the 41 quantities 7 is 680-41. 

The sum of the squares of the coefficients of the m’s in the expression for u, page 703, 
is -000878, and the sum of the squares of the coefficients of the m’s may be called zero. The 
corresponding quantities with reference to v are -0528 and -0187. Therefore, for the probable 
errors of « and » we have— | 


Probable error of u = -674 (000878 X 4:32 +s ) == tb +042 °- 
Probable error of v = -674 V (.0528 X 4:3% + -0187 xX 16-60) = + e4gs--- 


a@ = 20926228 + 422 
c = 269-15 + 8-69 


3. 


We have now determined two spheroids which represent the actual surface of Great Britain 
and Ireland with some precision. Of these, the former represents the whole of the Astronomical 
Observations with the greatest exactness, without distinguishing between determinations of 
latitude and longitude or azimuth. In the latter spheroid allowance is made—but necessarily 
in a somewhat arbitrary manner—for the greater exactness of the latitude determinations. 
The major axes of these spheroids are very nearly identical, but the minor axis of the latter is 
considerably less than that of the former. : 

In Section XI. we have determined for several Stations the apparent effects of the irregu- 
larities of the distribution of matter on the surface of the adjacent country, and by making use 
of these quantities we may obtain the latitudes that would belong to those points, supposing the 
hills and valleys to be cut down on every side to one level plane. If it were proved by obser- 
vation that latitudes observed in perfectly flat countries presented no discrepancies when 
geodetically compared, it might be assumed as probable that latitudes corrected for the effect of 


external irregularities would coincide with the mean figure of the earth. But inasmuch as 
4U 
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latitudes observed in flat countries have not been found free from discrepancies when geodetically 
compared, it must.be assumed that every latitude is affected by two distinct sources of dis- 
turbance; namely, superincumbent irregularly-disposed masses, and irregularities in the 
distribution of matter below the surface. Of the amount of error attributable to the latter 
source we must be in every case totally ignorant, but it is always possible to make an estimate 
of the effect due to the former. By thus removing one of these sources-of error we shall in all 
probability arrive at a result more near the mean latitude than-is the immediately observed 
value. 

If we take any three at the equations at page 693, and. put 7 = 0,48 spheroid will be 
determined which will have its surface parallel to the actual surface at those points (that is, 
in a northerly direction). This spheroid will, however, be restricted to having its surface at 
Greenwich parallel to the actual surface in an east and west direction: this, however, is no 
material restriction, for we have seen already that 7 is a very small quantity, and, moreover, it 
has ee effect in the latitude equations. 


1. Let us first examine the points Dunnose, Clifton, and Burleigh Moor. Leaving the 
absolute term symbolical, the equations are— | 
| 0 = m, + 0:9998 & + 1-5109 u — 0-1406 VU 
O = m, + 0-9998 § — 3°4447 u + 0-2091 
Oo = m, + 90-9998 § — 5-3873 u + O-2492 v0 
Whence— 
F = ~ 05579 m, — 0+-7928 m, + 0-3504 m, 
u= + 0:0834 m, ~ O-8110 m, + 0:7276 m, 
v= -++ 40419 mM, — 14+3527 m, + 10-3109 m, 
The system of deflections A makes— 


ae! 


m, = — 2-312 Mm, = — 2478 m, = — 0-898 
which give— 
Eo + 2/94 us + 1-1635 v = -+ 16-96 
The system of deflections B makes— | 
| Mm, = — 2792 Mm, = — 2478 m, = + 0-622 
which give— 
B= + 374 uw == + 22-2204 v= + 30-69 


2. Take now the points Boniface Down, Kellie Law, Monach. Ifwe put m,,,, m, for the 
absolute terms, we find— 
£ = — 0-7306 m, — 0-5885 m, + 0-3201 m, 
wu = — 0-0532 m, — 0:0842 m, + 0-1381 m, 
v= + 1-3069 m, — 4:9910 m, + 3-7010 m, 
By using the system A of deflections, we get— 
E = + O75 u = + 04530 v= + 4:08 
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' The system of deflections B gives— 


% = + 3/10 um + 04785. 


give— 


g ft 


ves + 3445 


= — 0-6387 m, — 0-7682 m, + 0/4072 m, 
= — 0:0051 m, — 0+4038 m, + 0-4095 m, 


re ee a me he a ee 
Using the —_— A of deflections, we have— 


& —_- af 1/’.29 uw 


The system of deflections ‘B gives— _ 
F= + o’.89 ) u= 


= 8609 


— 90-7163 


— 


vy = —"17-06 


ad 


— =— 24:69 
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3. The three points Weel Down, Burleigh Moor, Calton Hill, treated in like manner, 


4. The points High Port Cliff, Lough Foyle, and Monach, enteda in like manner, give— 


FE = — 0-4475 m, — O-BI12 m, + 0-0566 m, 
“= — 0-0556 m, — 0:0445 m, + O-1004 m, 
v= + I5IQ m, — 26303 m, + 14679 m, 
By using the system A of deflections, we have— | 


E= + 3-14 w= 


The system B of deflections gives— 
EF = + 2-91 iu = 


The elements of these eight mplicrsids are shown concisely in the following table :— 


TN | EE | A | a | eS 


Deflections A 
Spheroids. ; 
& u 
I er 2°94 + 1°16 
2 + 2°75 | + 0°45 
3 ' - 1°29 1 — 0°72 
4 - +. 3°14 | + 0°50 


+ O«5051 


oF 00-4486 


v= + 6-91 


v= + 1-43 


Deflections B 
a v 
+ 2°23 | +30°69 
+ 0°48 | + 3°45 
— 0°86 | +24°69 
+ O°45 | + 1°43 


In examining and comparing these results, it must be borne in mind that each quantity is 
liable to considerable probable error, resulting from the probable errors of the astronomical 
determinations of latitude, on account of the magnitude of the coefficients of the quantities m, 
especially in 1 and 3. Giving due weight to this consideration, it is a fair conclusion that the 
points we have considered: do not lay upon the surface of any one spheroid, whether we use the 
deflections A or the deflections B. The results produced by the orate sy stem are, however, 
less discordant than those produced by the latter. 


4U 2 
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5. Let us next determine the spheroid which best represents the latitudes of the firs 
thirteen points in the table at page 664, when corrected for calculated deflection.. If? be the 
sum of the squares of the thirteen quantities § for these points, then we must make o? + & + 7? 
a minimum, otherwise 7 will come out a large quantity altogether beyond the truth, and & will 
be similarly affected, though only slightly. | 

If we correct the thirteen latitudes for the system of deflections A, the thirteen absolute 
terms become— 


M, = — 2312 M,, = — 2478 My = — 2659 

Mg = — 2862 My = — 0-898 M,, = + 0-089 

M, = — 2643 My = — 21636 My == fb 2°233 

Mg = — 2922 My == — O-OII Mg = + 0-284 
M,, = — 2668 


The equations are found to be— 

O == — 20:3264 + 13-9170 & + 06393 4 = 49:0302 U + 11-2441 v 
— 08196 + 0:6393 § + 105097 — 3:O0501 u + O-LIOOv 
28677 — 49-0302 § — 30501 4 + 499-2936 u — 9:9034 v 
= — 11-4616 + I-2441 F + O-TI0O 7 — — 9903.4. U + 05395 ¥ 


H 
4. 


\e) 
‘@) 
\e) 


From which by elimination— 


F= + 2132 
7 = — 0-040 
“= + 0-251 
v= -+- 2AII4 


Substituting these in the equations from which they were derived, we have the following 
system— 


Greenwich + + © + - ae 32 Hungry Hill + + © © + 6. 149 
Dunnose + + + © «© — O-I4I Forth 7 eo ee ee ff 16418 
Boniface Down + - + — 0-692 Lough Foyle + + + + — 15143 
Week Down «© © + © — O47I Kellie Laws + + + © + 0-675 
H. P. Cliff + + + + — 0-751 Monach» «© + «© «© + + 1-605 
Clifton + + + © © — 0707 Ben Hutig» + + + © — 0-647 
Burleigh Moor » + + + 0-481 Edinburgh +. + + + » — 1-896 


The sum of the squares of these quantities, together with that of y, is 16-94 +--+ whence 
the mean error— 


as b 16-94 Dae Pm | 
= fot = £ vag 


If we apply these values of € y u v to the northern portions of the arc, we get for Saxavord 
+ 9-226, which is not much out of the way. But when we apply them to the longitude of 
TFeaghmaan, we get for that point 7 = + 12-719. 
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6. If we had used the system B of deflections, we should have obtained a different system 
of quantities. In this case— 


Mz, = — 2+792 M,, = — 2-478 My = — 0-789 
M5 = — 3°342 M,, = + 0-622 m,, = + 0-089 
M, = — 3°123 m,, = — 4-186 Mae = + 21233 
Mg = —~ 3°402 My, = — 2211 M5 = -+- 0-664 
M,, = — 11528 
And the equations are— 
O = — 20-1721 + 13-9170 F + 0°6393 7 — 49:0302 u + 1-244I v 
O= — O-Q01I0 + 0:6393 § + 1:05094 — 3:0501 u + O-IICO v 
O = — 31-7104 — 49-0302 F — 30501 1 + 499-2936 u — 9-9034 ¥ 
Om — 0:5088 + We244T F + O-11OOyY — = 99034. U + 0+5395 V 
From these by elimination— 
Ex + 2513 
y= + O-I7I 
u = + 0+3372 
v= + 1-3021 


Substituting these in the equations from which they are derived, we have for 


Greenwich + + © + + 2513 : Hungry Hill + + 6 8 = 1244 
Dunnose + + «© + © + 0-050 Forth «+ «© «© © «© «© + 0187 
Boniface Down + + + — 0-496 Lough Foyle + + + © + 0-291 
Week Down + © © © — 0-274 Kellie Taw+ + + «© «© +4 0107 
HH, P. Cuff + oe Oe ; Monach» + + + + +» + 0-908 
Clifton + + + + «© — 0-852 Ben Hutig+ + + © «© — 0-925 
Burleigh Moor + + + + 1-645 Edinburgh «+ + + «© © — 1-302 


The sum of the squares of these quantities, together with that of 7, is 15-42 +++» whence 


the mean error— 
\/ ae st 1-184 
15-4 
which is rather smaller than the corresponding quantity from the system A of deflections. 

If we apply the present values of & y wv to the extremities of the Triangulation, namely, 
Feaghmaan and Saxavord, we obtain for the latter & = — 0” -230, and for the former + 117-175. 
These are nearer the probable truth than the corresponding quantities derived in the last article 
by using the deflections A. : 


7: It appears, then, that whether we use the system A or B of deflections, the corrected 
latitudes will still present discrepancies greater than the probable errors of observation, and of 
which the mean amount: is + 17-2. A comparison of the results in the last two articles is 
in favour of the second system of deflections. 
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4. 


The values of & y uv which make = (&) + 4 & (7?) a minimum, as given at page 703, 
being in terms of the observations explicitly, we can easily find the modifications the quantities 
already obtained will undergo from the correction of the observed-latitudes by calculated 
deflections; and in the first place we shall use the deflections A. 


If A, be the coefficient of m, in the expression for a then. the. value of &. at page 704, 


namely, 1-491, will receive the increment— . | 
102. A, — 1-94 Ag — I-80 A, — 2:81 As + 0-90°A,, + 3:03 -4,, — 3°85 A,, 
+ O17 Ay, i 2°15 Ay a 2-08 Ay = 0°47 A;. + 1-63 Ayg + 2°43 Ay, 


By actual multiplication the value of this quantity is found to be +-0-304. In the same 
manner the quantities 


+ 0-268 + 00604, — 04800 


are obtained for the increments to the values of ve u v at page 704. Thus we lage 


| + 1-491 — 0-888. + 0-24.79 + 15397. 
+ 0+304. 4 0-268 of O- 0604. — 0:4800 
$m + 1-795 : iio 6620 : ux + '0°3083 -« US + 1-0597. 


The substitution of these quantities in the Equations of Condition—the absolute terms 
being: corrected for the deflections A—furnishes the results shown i in the following table :— 





Stations, - £* Stations. —  §g Station. = {° » “|” ° Stations. , 


eee ee 


| Greenwich . . |+1°795 || Forth . . ; j-+-0°685 | Greenwich. . j—o°620 | Barrow Hill. . |—5-953 
St. Agnes . ..|—0°692 || Tawnaghmore . |—o°861 | Edinburgh . —4°406 | Lundy Island . {+3°56r 
Goonhilly . . |—2°353 |} Lough Foyle . j|—2°356 | Durham —4°147 || Dunkery. . . |—2°306. 
Hensbarrow  . {—0°785 |} South Berule . |+1°865 | Cambridge. Mowcopt. . . |+5°327 
Blackdown. . {+3°490 | Ben Lomond .. |—1°472 | Kingstown. . |+1°327 || York Minster . |—2°849 
Dunnose . . |—o'2tt |} Kellie Law. . |—o-455 | Feaghmaan. . {+8:175 || Easington . . |—4°583 
Boniface Down. |—0°756 || Ben Heynish +2°239 | Black Down . |—5°889 | Wordeslow . . |— 5°123 


netstat 


Sete ate ey Tes 
= 3a 


wae nest art 
ers 


Week Down —0'535 || Great Stirling . j;—0°296 Dunnose . . |—2°827 | Hart Fell +5083 
It. P. Cliff . —o°813 || Monach. +0444 | Precelly +2°140 | Cheviot . —3°298 
Southampton 2°255 | Ben Hutig . —1°718 | Cowhythe . +o0°852 || Dunrich . —6'038 
Precelly +1°248 || North Rona 4+-0°126 | Wrotham | -+-0°830 || Goat Fell —0°094 
Arbury . +2°191 || Balta . +1°781 | Gad’s Hill . +1°831 | Sayrs Law . —o'o8g 
Delamere —0o°268 || Gerth of Sana +1°621 } Fairlight +-2°116 || Mordington .  . j|—r: 4.02 
Clifton . —1°534 |i Saxavord —o*364 | Orford Castle +-3°668 Burnswark ; +3402 


Burleigh Moor . |—o°509 {| Edinburgh .  . |—3*029 Balsham  . . |+6°004 |) Ben More, S, U.. +1°402 

Hungry Hill . |—0°578 |) Durham. . . |—0°607 Walpole, S. P. . |-+5°783 |} Ben Macdui . +2°339 

Feaghmaan. . |—0'542 || Cambridge . ~ [+o0°691 | Docking —. .. |-+3°837 || Ben Nevis | +8°430 
South Lopliam . [+2°247 || Scournalapich . |—2+004. 








; oo Hill . _ |e 186 Mount Battock : —4°035 
Cowhythe (E) eo oe 9""925 ee ah mE Mormonth —6°467 
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The elements of the spheroid under consideration are— 
a= 20923713 + 10144.1u = 20926840 
*00333527 + arc 50”. v = -00359215 


& 


¢ = 277-88 
The sums of the squares of nen quantities ft 7, are 74-81 --- and 669-00 --+ respectively : 
hence— 
Probable error of w = +674 / (000878 X 420 eee ) = + 030+... 
Probable error of v = 674 / (.0528 X 2:20 + -0187 x 16-32) = +497... 
. @ = 20926840 + 300 
c = 277-88 + 8-20 


ld 


ov. 


If A, be the coefficient of m, in the expression for € at page 703, then if we correct the 
latitudes observed, for the calculated deflections B, we shall have— 


gs + T49t + 0:54 Ap — 2-42 Ag — 1-98 A, — 3:29 dg + 0:90 4, + 4°55 Ay, 
— 5:40 A, — 1-13 A, + 4:02 A, — 2:08 A,, — 0:47 Ay + 2-01 Aye + 3°57 A,, 
Performing these multiplications, and similar for 7 wu and v, we have finally— 
sb 1491 — 0-888 — = + 0+2479 “+ 1+5397 
+ 0°443 +0416 + 0-0929 — O-7441 
= 4+ 1:934 : 9 = — 0-472 : w= + .0-3408 : v = + 02-7956 


The substitution of these quantities in the Equations of Condition—the absolute terms 
being corrected for the deflections B—furnishes the results shown in the following table :— 


Stations. 7 





Beacon Hill. 


Stations, & Stations. £ Stations. ” 

Greenwich. . 41934 Forth . . —o'sss Greenwich . —o'472 || Barrow Hill. —6°oI0 
St. Agnes £ | |—0°389 |) Tawnaghmore . |—0*963 | Edinburgh . —4°433 | Lundy Island +3°447 

| Goonhilly . . |—2°064 || Lough Foyle . [0619 | Durham. —4°086 || Dunkery . —2°359 
Hensbarrow . |—0°533 South Berule . +-1°791 | Cambridge . +4° 328: || Mowcopt. +5°348 
Black Down. |-+3°711 | Ben Lomond —1'654 | Kingstown . +1°138 || York Minster —2°766 

j Dunnose . . |—0°463 || Kellie Law. . |—0°638 7 Feaghmaan. +7°755 |} Easington —4°488 
Boniface Down. |—1°007 |! Ben Heynish . |-+2°040 } Black Down —5°883 || Wordeslow —5°062 
Week Down . |—o*785 || Great Stirling . |—o-s21 | Dunnose —2°744. | Hart Fell + 5'033 

| HP. Cliff. . |—1-063 |] Monach. . . |-+-o°194 | Precelly. +2°019 || Cheviot . —3°278 
Southampton - {+2°452 | Ben Hutig .  . |—1°588 | Cowhythe +o0°840 | Dunrich . —6°076 
1 Precelly. . +1°344 || North Rona | |—o'133 | Wrotham +0°994 || Goat Fell —0°245 
j Arbury. . 4+2°263 || Balta . ..  . |+1'524 | Gad’s Hill . +2°006 | Sayrs Law —0°095 
7 Delamere - « {—-0°276 || Gerth of Scaw . |+1°364 | Fairlight Down {+2°300 | Mordington . —1°378 
| Clifton. .° . |—1-560 |} Saxavord . |—0°621 | Orford Castle . }+3°'901 || Burnswark . [+3°360 
| Burleigh Moor . |+o-grz || Edinburgh . . |—2:‘o60 | Balsham . | +6169 || Ben More, S.U-. [+1°132 
Hungry Will . |—2:026 || Durham... —0'720 | Walpole, S. P. . |-+5°'942 || Ben Macdui. ~. j|42°272 

| Feaghmaan. . |—0-465 || Cambridge. . |+0°763 | Docking +4017 || Ben Nevis _ +8°288 
| . South Topham . +-2°449 || Scournalapicll . /—-2°150 
nt Leith Hill , . |—2°058 || Mount Battock . eh 
Cowhythe (§) = — to"*155— Butser Hill . —3°944 || Mormonth .. 444 
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The clements of this spheroid are— | : : 
@ = 20923713 + I0I144.1u = 20927770 , 4 
€ = 00333527 + are 50”. uv = -00352813 
c == 282-94 


The sums of the squares of the quantities &, 7, are 70-32 --- and 665-o1 -+- respectively : 
hence— | | 7 


Probable error of u = -674 4/ (.000878 X 207 frees ) = 


I+ 


029 ees 


I+ 


Probable error of v = -674 / (.0528 X 2:07 + -0187 x 16-22) = + -433 ++. 


20927170 -F 2Q1 
c = 282-94 4 8-41 


a 


6. 


Hither of the last two spheroids may be taken as a very close representative of the actual :, « 
surface of Great Britain between the latitudes of 49° and 61°, and for 12° of longitude. We : 
shall adopt the mean of the two sets of values, namely— . 2 

= + 1-864 + 
n= — 0-546 _ 
u = + 0-3245 
0 = + 0-9276 


l 


@ = 20927005 + 295 | i 
c= 280-4 8-3 . ae 
These values of & » w v being substituted in the original Equations of Condition, page 693, 
we obtain the following results for the probable deflections at the different Stations :— 








Unexplained. Unexplained. 
Stations. ee eet een eee Ps eee Stations. £ $$ ——__—— 
Defl. A Defl. B Defl. A Defi. B 
ft “i a ia i a 
Greenwich. . . «| -+1°864 Forth . 2. . .) . | #0°545 |} +0°715 | — 0°585 
St. Agnes . . . 1 | —orsar Tawnaghmore . . . | 0°9I2 | 
} Goonhilly . .  . . | —2:209 Lough Foyle . . . | —4°573 | — 2°423 | —0°553 | 
Hensbarrow . . .|—0°660 South Berule . . . {+ 1°828 | 
Blackdown. . . . | + 3*600 Ben Lomond . . . | —1°563 


Dunnose > oe 6 2 Pm rtr117 |} —o'097 | — 0°577 | Kellie Law. 6]. | # 1°533 | — 9°547 7 
| Boniface Down... | + 1'298 | —0°642 | —1°122 | Ben Heynish . . . | + 2°140 


Clifton . 2. 0... «© [= 2°447 | —1°547 Saxavord . . « «+ |—™0°492 
Burleigh Moor. . ~. |— 3°589 | —0°559 | + 0'961 Edinburgh . «+ {= 5°545 | — 3°T15 | — 1°975 
Hungry Hill... « | + 3°323 | —0°527 |—2°077 | Durham. . . . . |—0°664 
Feaghmaan. . . . | —0°504 Cambridge. . . - | +0°727 


Weck Down . . . | +1°080 | — 0°420 | —0'goo | Great Stirling . . . | —0°409 7 
H.P. Cliff. . . «| +a2c111 |—o-699 |—1°t79 | Monach. . . . «| -+0°789 | + .0°319 2 
|} Southampton .  . . | +2°353 Ben Hutig . .  . «| 3°473 | — 17843 | — 1°463 ‘ 
| Preeelly. . «© + « | #1°295 North Rona. . . «. | —0°003 4 
Arbury. . «+ + | #2°226 Balta . . . . © | +1653 4 
Delamere . . . + | —0°272 Gerth of Scaw. .  - | #1°493 
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In this table, the figures in the third column are the apparent errors of latitude unaccounted 
for by the external irregularities of ground, not considering the effect of disturbing masses above 
nine miles distant. The figures in the fourth column are apparent errors of latitude unac- 
counted for after including the attractions of more distant masses. 

It appears, therefore, that in the Isle of Wight there is (as compared with any spheroidal 
surface that nearly represents the actual surface of Great Britain) a general southward deflection, 
whereas from the mass of England to the north we might have anticipated a general northward 
deflection at the four Zenith Sector Stations. 

At Burleigh Moor it would appear from the fourth column that the calculation of local 
attraction has been extended too far, and the same at Hungry Hill. At Feaghmaan the com- 
puted deflection, — 1-95, is apparently too great, but the determination of this quantity was 
not very satisfactory. 

At Lough Foyle the ground within ten miles will only account for half the probable deflec- 
tion: the same observation applies to Ben Hutig and Edinburgh. At these three Stations it 
seems probable that the plumb-line is drawn southward by dense subterranean masses. 

The largest remaining deflection is 3”-60, at Blackdown. This is the highest point of a 
range of low hills in Dorsetshire: to the north of the Station the country is considerably higher 
than to the south, but from the very undulating nature of the surface it is impossible, without 
contours, to estimate the amount of the deflection. It may amount to 2”, but it seems impro- 
bable that the ground would account for a larger quantity than this. 

At Southampton there appears to be a deflection of 2”-35 to the north. Irom the Sector 
Station the country rises as we proceed northwards, but falls to the south; the sea being distant 
from half a mile to a mile and a half. This inequality of ground would account for 1” or 
perhaps 1”-5 to the north, but not for the whole amount of 2”- 35. 

At Greenwich we have seen that all our calculations have assigned a positive value to &, 
and yet the ground will not account for any such positive value, but rather the opposite 

At Balta and Gerth of Scaw all our calculations have indicated a northerly deflection, which 
the ground will scareely account for. These Stations, together with Saxavord, were visited by 
the Astronomer Royal in 1849, who has expressed his opinion that all three are fairly good as 
far as the form of the country is concerned; that Balta is the best, but that Gerth of Scaw is 
also a good Station, and that it was impossible to say on which side, north or south, there is any 
preponderance of attraction: however, nearly three miles north from Balta, and two miles south 
from the Gerth of Scaw, lies Nive Hill, rising to the height of about 516 feet, so that if any local 
deflection of the plumb-line exists at these Stations, it might be expected to be in opposite 
directions. Saxavord he considered to be more exceptionable than the others, on account of the 
steepness of the declivity on the north and west sides, as compared with that on the south and 
east. 

At Cowhythe there is a deflection amounting to nearly, if not quite, 10” to the south, the 
greater part of which is certainly due to dense masses below the surface. 


4x 
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7. 


_ It is important to remember, with respect to the probable errors of the adopted values 
of a and ¢, that they do not belong to the figure of the earth, but merely to a very small portion 
of its surface. The precision of the surface obtained will be better comprehended tf viewed in 
another light. At Durham Observatory, for instance (being nearly a central point in respect 
of latitude), we have § = — 0”-664, » = — 4”-117: these quantities give the actual position, 
or direction rather, of the tangent plane to the surface. In this tangent plane, through the point 
of contact, suppose the meridian and the perpendicular to it, traced; take these lines as axes of 
co-ordinates 2, y, then the surface will be defined by a third co-ordinate z measured vertically 
downwards from the point whose co-ordinates are x, y; the probable error of z will give the best 
idea of the precision of the adopted surface. 

The equation of a spheroid whose semi-axes are a and b when the co-ordinates originate 


at the centre, is— 
a? 2 13 2/3 
= i a ee 
a 5? 





Transfer the origin of co-ordinates to a point on the surface in the plane of x z whose latitude 
is a, and let the axes of 2 and y be tangents to the surface, the former pointing northwards, the 
latter eastwards; let z be measured vertically downwards. If hk be the distances of this new 
origin on the surface from the axis of revolution and from the plane of the equator respectively, 
and if we put p = zcosa + asina, g = zsin A — x cos A, then— 

h = 2’ +p 

k=2+4q 


Also y = y’, whence by substitution— 
(IK-e)y+Q-—eyhk—plt+th—gy-P=o 
Now if 2 be the normal, h=ncosa,k =n (1 — é’) sin a, consequently 
| GQ—-e)NVN+R-—BR=0 
Also (1 — e) hp + kg =n (1 — e’) (pcosatq sin A) = nz (I — e); so that the 
equation is reduced to | 
(I-A) yt -ApPt Pan —e)=o 
Now (1 — e) p? + q? = 27 (1 — e’ sin?) + 2° (1 — e* cos?a) — wz sin 2A; conse- 
quently the equation of the surface is finally 
2a(l—e .) z 
(I — e? sin? a)t 
In this equation, suppose x, y, and a constant, and a, e, z variable, then— 


a aq ag 


ao=a(1 —¢)Y + 2 (2 — sin? A) + 271 — e* cos? A) — ef azsin 2a — = 6 
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7 By differentiating we get— 


dp —2z(1 — é) 

da ~~ (1 — e* sin? Aji 
1 do . r—4(i + e)sin?a 
-— > = — 2 sin? a — 7? — 27 cos?’ — xz 5in 2 = : ; 
a ae y cOs* A v2 8IN 2A + 2az G—@ sin? A)! 

do a(I — e?) 


— = Z2(I — ? — 1 ae eee Se, SCO ie ew 
ae ( e7 cosA) — e? x sinA cos A eres 


In forming the value of 


de ds 
da de 

os = dg oa — dé be 
dz dz 


it is clear that, da and de being very small, it will suffice to retain the principal terms of the three 
differential coefficients, and reject those that are comparatively small. Now from the equation 
of the surface we have— 


w+ y= 2az — 2 + terms in ¢? 2, ec? 7? --» 


Let 2? = 7° cos? a, y? = 7° sin’? a, then— 


j cw. 
ae = er? (cos? « cos* A —isin? aA — —sin 2a ) 
de 2a 


. 


Md = : r ° 
c= = oa ee (cos? « cos? A — $sin? a — 7, COS & COS A sin a) ae. oe 


Suppose 7 = 400 miles, the greatest distance to which our surface refers, then the probable 
error of z, corresponding to the estimated probable error of a (viz. + 295 feet), will amount to 
only + 3-ofeet. Again, taking 4 = 55° and « = o, we have— 

; cos?A — $ sin? A = — 0-0065 
— isin 2a = — 0-4698 
ae te = ats = 5072 bv 
So that the error év will produce an error 
tz = — (-000065 + +00047) 5072 bu = — 2-7 bv 


Therefore the probable error of z, as depending upon that of v or c, will barely exceed one foot. 


It will, however, be greater in the direction perpendicular to the meridian: and for the same 
value of r, equal to ° 


een. oe ee 

oz Top 2 Se = — 1967 bv 

which, taking 0v = + -43, will amount to + 7-7 feet. If, however, we take our origin at a 

point centrally situated with respect to longitude, we shall not require to assume such a large 
4X 2 
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value of 7 as the maximum, but 200 miles will be sufficient, and thus, instead of + 7-7 feet, 
we should have + 1-9 fect. 


Liquation of the Surface. 


Taking Durham Observatory as the origin; the tangent plane to the surface (determined 
by & = — o”-664, 7 = — 4”-117), as the plane of x and y, the former measured northwards, 


and z measured vertically downwards, the equation to the surface 1s— 
99524953 X? + -99288005 ¥? + -99763052 4 — -00671003 X4Z — 41655070 Z = o 
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SECTION XIII. 


LATITUDES AND LONGITUDES OF THE STATIONS, 
LENGTH OF THE DEGREE, &c. 


§ I. 


Lavine determined in the preceding Section the axes of that spheroid which corresponds 
most nearly with the surface of Great Britain, we proceed to develop the expression for 
the radius of curvature in and perpendicular to the meridian, the length of a degree in and 
perpendicular to the meridian, &c. By page 267 it appears that the radius of curvature of the 
meridian 1s— 


g =a’ (n,— 2, 008 2A+ 27,008 4A+ +++) (1) 


In which expression— 
a’ == a(t — 7) (1 — 7?) 





_a—tb 
- mee ees | 
a, = 1 ag . e 
eo 
fe eh tS a oe 
2 2°42 
hee OS hae ® 
2° 4 


1. Ifs be the length of a meridian arc between the latitudes of a, and'a., and if we put 
AA—~ ASHP 5 AZADA 


we shall havye— 


wAv+ 4H 
s= edd 
A~t¢> 
s=a’ (79 = 2 n, SN GCOS2A+ 7, SIN 29 COS 4A + sees) (2) 


The whole perimeter is therefore 2 7 a’ n,, and hence, 


a’ n, 


180 
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2. If x and y be the coordinates (originating at the centre, and measured parallel to the 
directions of a and 0 respectively) of the point whose latitude is 2, then since ds = ¢da, 
dx = — dssina = — esinada f 


dy = dscosK=  ecosadr 
Also— 


: 2 COS 2-ASINA = Sin-3-A — sin A 
2cos 4A SIN A = SIN 5A — gin 3A 
2, C08 2A COSA = COS3ZA + COS A 

2,008 4A COSA = COS5A + COS 3A 


Multiplying the value of ¢ by sin 4 and cos 4, we have— 
t= — ad f Cr + n,) sina — (n, + n,) sin 34 + 2, sin 5%) dn 


y= af ( (rg = m) 0084 — (n, — m,) €08 34 + m, C08 5) dn 
/ / 
i= a’ (my + n;) COS A a (n, + ,) cos 3A + = ts cos 5 A (3) 
! , - 4 
y= a(n, —7,) sin A — 5 (ts — m) sin 3A + z n, SIN 5 A (4) . 
3, Let o’ be the radius of curvature perpendicular to the meridjan in the latitude a, then— ‘ 
ep COSA = 


Assume oe’ = a, + 2 a, cos 2 A + 2 @, Cos 4 a, then— 
e’ cos A = (a, + a,) COSA + (a, + @,) COS 3A + a, COS 5A 


Comparing this with the value of # in equation (3)— | : 


, ! ; 
a +a, =a’ (n, + n,) | [ a, = a’ (Nm, + 2,) + = (n, + 23) + 7 2, : 
° : Af a’ 
ene: (a, + Q,) = a’ (n, n,) .e a= — 3 (2, + 2;) — I nN. 


} f 
54a, =a Nn, oy o> 


in 
5 2 
Therefore the value of the radius of curvature ¢’ is— | | 

? : , , / % 

gf’ = a’ (n+ 0) + Faas + m3) + 3% — CE a + a) i n,) cos 2A + == Me C08 4 2 (5) | 

| 


a oo —— the spherical excess of a triangle we require the — of the quantity ; 
2e¢¢’ sini”. Referring to page 229 we have— 


1 A Ad’ _ At ; 
ee a a(i—e) a (1—é) : 
ve log san? = — loge 28? sin 1” + 4log A : 
2 
= — log (2 a? (i — n?) sin ”) + 4M (x cos 2A — ~ cos 42) (6) 


where M is the quantity 0- 43429448 - - - 
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5. Let us now determine the area contained between any given meridians and parallels. 
Let dA be the area of an indefinitely small rectangle on the surface, of which two sides are 


formed by the parallels of the latitudes ~ and a ++ da, and the other two sides by meridians. 


whose difference of longitude is dw; the length of cither of the two first sides is eda, and 


that of either of the latter is e’ cos A dw. 
*, dA. = e@ oe’ cos A da dw 


A=a@(i-— — A-+ cos A da dw 
aby 
Ie 





z 
G * eat sin — 
Now we have— 


| ,f dx 
Gasp =} ae oe ee 


which applied to the preceding value of A gives— 


a (1 — n°) ( sin A ? cos A q 
I+ 2ncos2a + n? +f I + 272 C0S8 2A + 2? r) 
But— 


I — 2? | 
T+onwsonL ne: : A—2n3 cos6A + eee 
I+ 22ncosaa + n? %2ncos 2A + 2n* COS 4. 2 at 


This quantity multiplied by sin 4 and cos a, becomes the following— 


(1 + n) (SinA — nsin 3A + n? sin 5A + +--+). 
(1 — n) (cosa — neos 3A + n? cos 5A + ++ +) 


If we substitute these in the expression for A, the general expression for the ¢" term is— 


2 (+ teint ae ES ~ sin (gi — 1) A) (=) 
= aby em Bo) La (@Qi—1)a.(- ny) 





22 


Hence we have, making 7 = 1, 2, 3, &c.— 
. , 2 ‘ n? ; 
A = aba (sina ~ (2 + n) sin 3A + = (3 + an) sin 5a+-+) (7) 


the integral being taken from the equator to the latitude 2. The area between the limits 
A—%odanda-+ $d is— 


A = abo ¢ (4, 003% — (a +n), c03 34 + 2 (3 + 22) >, 00854 — +++) (8) 


gin —@ 
~ qd; — 
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Numerical Values. 


At page 712 it will be seen that the elliptic elements which most nearly represent the 
meridian curve of Great Britain are— 








& = 20927005 
b __ 2794 
a@ 280-4 
b = 20852372 
a=! 
~ «559-8 | 0 
From these quantities we get the following— 
a’ = 20889555 a’ n, = 20889705 
N, = 1-00000718 an, == = 55074. 
2, = 0:00267954. an, = 125 


N, = 000000598 


These values being substituted in the values of ¢ ¢’, &c. given in the preceding paragraphs, 

we get— ‘ 
1.—Ltadius of Curvature of the Meridian, 

= 20889705 — ITI949 cos 2A-+ 250 cos 4A 


2,—Radius of Curvature perpendicular to the Meridian, 
= 20964404 — 37450 cos 2A -+ 50 cos 4A 


3.—Radius of Parallel, 
= 20945679 cos A — 18700 cos 3 A-+ 25 cos5 A 





4.—Length of a Meridian Are 
whose amplitude is 6, and mean latitude a, 


= 20889705  — 111949 sin > cos 2 A + 125 sin 2 & cos Arn : 


5.—Leneth of a Degree of the Meridian, | 
= 3645941 — 1953-8 cos2Aa-+ 4-4 cos 4A 


6.—Length of a Degree of Longitude, 
== 365571'0 Cos A — 326+4 cos 3 A -+ 0-4 COS 5 A 


2 eee 
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For converting distances in the meridian and perpendicular to it into seconds of arc, we have— 


Log ry = 79944959375 + :0023274088 cos 2 A — -0000020788 cos 4.A ++ +0000000024 cos 6 A 


Log yan = 7°9929429442 + +0007758029 cos 2 A — 10000006929 Cos 4.4 + s0900000008 Cos 6 * 


And for computing the spherical excesses of triangles— 


Lo = 0+3719838 + -0031032 cos 2 A — 0000028 cos 4 A 


I 
¢ ——____—_ 
© 2ee’sin 1” 


Length of a Degree, Minute, and Second in Latitude and Longitude. 


Minute of Second of 


Minute of Second of 














Degree of Latitude. Latitude. Vattude Degree of Longitude. Longitude. | Longitude. : 

at, 
Feet. Miles. Miles. Feet. Feet. Miles, | Miles. Feet. 

"1030 | I'I517 3505 | 240109°7 | 45°475 | 0°7579 | 66°6972 | 49 
"115 | 1°I519 3693 | 235267°0 | 44°558 | 0°7426 | 65°3520 | 50 
"128 I°is2i 3879 230352°0 43°627 o*7271 63°9867 | sx 
‘I4I oe "4064 225266°1 42°683 o'7114 | 62°Go17 | 52 
"153 1 A247 220310°8 -| 41°726 076954 | 61°1975 53 
r° "4429 | 215187°7 | 40°755 | 0°6793 | 59°7744 | 54 
1° "4608 209998 °2 39°772 0662 58°3328 55 
1° "4786 | 204744°0 | 38°777 | 0°6463 | 56°8734 | 56 
r° "4961 | 199426°7 | 37°770 | 0°6295 | 55°3963 | 57 
1° 5233 | 194047°9 36°751 | o°6125 | 53°g022 | 58 
1° "5303 188609" I Cy ee 0°5954 | 52°3914 | 59 
I° *5469 183112" 34.°680 0°5780 50°8645 60 
I 5632 | 17755875 | 33°629 | o°5605 | 49°3218 | 61 





The following table contains the logarithms of 


I I J 
+ il 3 S as ‘tf 3 I eas f 
g sin I oe’ sin 1 2ee’sinl 


4Y 





7: 99417402 
416061 
414.722 
413383 
412045 
410709 


7°99409374 
408041 
406708 
4.05378 
404.048 
402720 


7°99491394 


400070 


398747, 


97425 
166166 


394.788 


7°99393472 
392158 
390846 
389536 
388228 
386922 


7°99385618 
384316 
383017 
381719 
380424 
379132 


7°99377841 
370553 
375268 
373985 
372704. 
371426 


| 7°99370151 


7°99283504 
3117 
82670 
§2224 
81778 
81333 


7*99280888 | 


80443 
79999 
79556 
79113 
78670 


7°99278228 
77786 
17345 
76905 
76465 
76026 


7°99275587 
75149 
74.712 


74275 |- 


73839 
734.04. 


7°99272969 
, 72535 
72102 
71670 
71238 
70807 


7" ae 


net 
69091 
68665 
68239 


7°99267814 


PRINCIPAL TRIANGULATION. 


F “ I - : 
Lat. | Log (—) Diff. | Log (rae a =) Diff. ( 


VALUES OF 


I. oy | a 
* Log (; sin 7) 3 Log G sin 7) 5) Log G e e’ sin =) 


FoR THE SURFACE OF GREAT BRITAIN, 


Leg 


2 pp’ sin 1” 


o° 


Oo 


371555 
537 
519 
501 
483 
465 


"371447 


°371235 
218 


200 
183 
166 
148 


“371131 


113 


~ 096 


079 
o61 


044 


371027 


O10 


‘370993 
976 


959 
942 


"370925 





I Diff. | Lat. Tog (— 


p sin 1’ 


7°99370151 
368879 
367609 
366342 
365078 
363816 


7°99362557 
361302 
360049 
358799 
357553 
356309 


7°99355069 
353832 
352598 
351367 
350140 
348916 


7" 99347095 
346478 
345264 
344054. 
342847 
341644 


7°99340445 
339249 
338057 
336869 
335685 
334504 


7°99333327 
332155 
330986 
329821 
328660 
327504 
7°99326351 


aay") Diff. Log ( 


7° ahi 


°99265282 
7°99 64864 
64446 
64.030 
63614 
63200 


7° Lar 


7°99260328 | 


59922 
59518 
591T5 
58712 
58311 


7°992579!2 
57533 
57116 
56720 
56325 
55931 


7" 99795532 


7°99253214 


ani") 


0° 370823 
807 
79° 
773 
757 
740 


0°379723 


0'370625 
609 
ae: 

77 

560 

544 
0°370528 
512 


497 
481 


465 
449 


0° 370434 
418 


0° 370341 
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§ IL. 


Latitudes and Longitudes. 


The following table contains the latitudes and longitudes of the principal points of the 
triangulation, calculated from the approximate values, § = 1.40, 7 ='0, u = 09-2500, and 
v9= 0: 


Names of Stations. | _ Latitude. Longitude W. North Meridian. 
Acklom: Wold vccscwwesescisesiavzeveswsedecseccness 54 3 1°98 O47 0°32 180 o 17" 52 
Arbury Hil. swsscasesscesededeasepensncassieveet snes 52 13 28°36 I 12 34°58 179 §9 21°22 
AITONIG .ccccsccccccsccscencecescscesesescconensceses 52 55 1°32 344 39°42 
AROARO: ‘ccswaiceesionnnses dieses veces tssunesinacseies 53 13 56°78 I 56 50°25 180 o 11°82 
Back Lor ciiwessssicaseass ddnencstnsusmuouavensanaae 53 24 54°90 I 42 8'70 | 
Baconsthorpe Tower .........sssscssscosseeveceecs 52 53 12°98: |—1 9 43°56 180 0 1°35 
Ballyereen: cs sessuwccwsdccwnnestvniecareocessnceneaes 52 55 6°16 6 21 53°68 179 59 50°29 
Balsham Tower ...... sisavadcinveuiwemnansesea dass 52 7 59°08 |—0o 19 Ir°7t 179 59 53°49 
Bala. -wccvscnanvgensdecsesepeeewasiss soavoasteleacteues 60 45 4°51 047 3°84 179 59 57°52 
BANStOGG svccwaheieseceeea coos awecces sxcasecaaddecetes 51 19 1°31 o 12 46°58 180 0 4°94 
Bardon TW: ~csvsiwevecsinscnisisewasdovessovsesseus 52 42 51°62: I 1g 8°20 {| 180 0 5°62 
Barrow A. sci ascvecsa eat vsseaseatecs vives ese 50 13 40°49 3 41 35°69 180 0 10°40 
BaurtregauM cescscssescscccssccasscssrscssvcescees 52 12 25°34 9 49 40°59 179 59 58°34 
Beachy TEad. ssccsscsscsvecswssccmesewcansesacssrans 50 44 23°66 | —0O 15 15°43 180 0 2°97 
Beacon: Hill... sceassncssneseceatstaescseveveseavens SI Ir atm" I 43 14°81 180 0 3°48 
Beacon Hill, Trescow  ...ccsccscscescscscssceeece 49 57 38°70 6 20 22°86 180 6 52°73 
Gn Cheuk: scscsiiieesecieecssivesteseueeeesenvesees ~ | 58 19 15°44 a02. 39°72 179 59 55°40 
Ben Clough. ......ssccssescvssscceeeessesesceesesoees 56 11 8°07 3.46 2°17 179 59 58°53 
Bene CHD Go desaecavatas ote vcisioesessacecwssccivess 58 14 6°33 424 33°43 179 59 51°34 
Ben COrr...esscessssscssccessccenececssesvecceeerenes 53 30 23°43 9 47 25°03 179 59 53°41 
Ben Heynish .........6. dadsisterwiastaesaseueoe sds 56 27 18°95 6 55 17°83 179 59 58°84 
Ben Antig sccsccswsisiuesesvsassecevseadoenecscessys «|. -§8° 33° 3°47 4 30 40°20 179 59 53°12 
Ben Lawers ...... sssacoewesente shi vesenveeciwanuge 56 32 41°42 4 13 8:61 180 0 30°65 
Ben Lomond .........0+000 ee eee 56 11 24°64 4 37 52°09 179 59 57°12 
Bet WGCdul, covscrcetewiskucsvewcvisneetedes caves 57 4 13°03 340 2°05 179 59 49°84 
Ben More, Mull ......sseccssscercessvccccccccesens 56 25 29°20 6 0 44°00 179 59 57°77 
Ben. More, S+ Uist iwecisccasscnsvecctatadevicce nde 57 15 31°18 7 17 35°35 180 0 4°32 
Ben Nevis ...... wesibieedeseneemacswone cusameweee nce 56 47 48°46 5 0 13 180 0 12°93 
Ben Tartevil ......00- Sciteedekiaevoceasseaseuseesees 55 43 32°38 6 26 32°55 180 0 I°97 
BON. WY ViGisssccusccnassascneetvasesudessevecedsseaes 57 40 43°83 4. 34. 38°57 179 59 51°40 
Berkhampstead ...cccccvescscesessesecteerssseeses SI 45 23°58 QO 7 25°05 179 59 56°47 
Black Comb s.scovcccccvscvscsccensceessesesvescess 54 15 27°52 3 19 37°06 180 o 12°96 
Blackdown ...ceses- siaipideie ale Sale ee wanes etusedes sears 50 41 12°04 2 32 51°41 180 0 5°10 
Blackliedd on: sinsseresaveseusevscanetedcsecuccusves 55 38 18°52 I 55 38°39 180 0 24°50 
Blue Hill... scscscvscccsssccnevenccccecs cssecsccesss 57. 5 40°05 2 7 30°40 179 59 44°42 
BOniHiACG DOWN. lesacsac ss ccteacsievaveevdeseeiesties 50 36 1°41 I Il 55°11 180 0 20°63 
BOnace; S.E.. cosssasesvessvsiesscewaVesutecseenaees 50 36 7°21 I Il 50°44 180 0 46°45 
Boston Church Tower ...cccccssssccscevcvcsccees 52 58 42°13 O I 26°57 179 59 30°29 
Botton: Cad cscs csecescsassteesesacesesvasecevetss 54 24. 22°41 I 5 3°07 179 59 55°60 
Brandon, Sufloke wessasicsvccosescsavessecastsvece 52 24 20°82 |—0O 37 20°78 180 o 16°59 
Brandon Down, Durham .........cesccseersseees 54 45 17°61 I 40 35°89 179 59 55°42 
Brandon, CGrry secivasivcuscssessecwssevedesvere'ses 52 14 6°43 IO 15 10°05 179 59 59°99 
Brasst cescsacsvesserescccecccscsscoeseseesvosenssacens 60 7 47°79 I § 40°61 179 59 57°71 
Brimmond .......ccccccseecrescesveesesessssecesens 57 IO 20°15 2 14 11°85 179 59 48°96 
Broadway Tower ......0.. ena eheeee cunt etaaeadease 52 1 26°80 I 


50 2°81 179 59 53°40 
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Names of Stations. Latitude. Longitude W. North Meridian. 
| Brown Willy .....cccccccsssccscssssrrecseesscecsess 5O 35 25°95 436 4°1! 179 59 50°04 
Buckminster Spirc.....sccccccccccsesccccscersevens 52 47 52°68 O 4I 45°43 ee 
Bunwell Church Tower  ......cesecsssreveverecs 52 29 28°46 | —r 7 51°16 180 2 52°79 
Burloigh Moor ..cccccecccoscsccvcvessesseccccvsces 54 34 15°80 I 2 19°96 179 59 49°84 
BRUT OS Walk avai cosnaussaaneudseencesvousvscaencaecies 55 5 42°11 3 16 36°24 180 oO I'04 
1 Butser Hill...... ssseucdtnctessaaacedatevenestasocacs 50 58 39°85 0 58 43°39 180 0 24°75 
Cer TOF iS wai wcseveweebideeuxadsacde seecceeeoteacs 52 41 58°31 3 54 25°70 sie 
Calierbarnaglyy cvsicccinsosessnpsaseedeawscsdans cones 52 1 51°67 9 10 36°51 179 59 54°41 
Calton ill ss piressucsuccsavssestexarcoacsesss cases 55 57 17°51 3 10 54°16 | 179 59 54°33 
PS Carrig (Nd tec ccvveresvoczscduenccdocacsestessexasteus 51 38 7°88 9 5 36°11 179 59 59°10 
CH OVObs wividoseeisance nes suscesscivancewsceeatences 55 28 42°03 2 8 37°17 | 179 59 49°64 
CIINGTORA: | etueovedivoste caveat decnasecssveveseueies 51 38 10°19 0 0 O'O! 179 59 55°80 
Cle isliniiy sascs stuccvaces saecacesvestariascadesteccess 57 57 49°21 6 48 38°42 | 179 59 56°21 
Chilton: Benen: cvscctivcccsdesvewsiuansascesereesies 53 27 27°56 113 7°95 186 0 14°95 
Coe Glimbliis ..cecsssieaversavonvereessceeceasees 58 35 3°86 458 55°73 179 59 52°43 
t Colter iw ccsentscseusetacaserepanctavesscorsoceats 54 46 15°56 1 58 28°35 179 59 42°62 
| Coringdon .........0 dessuachoackuceesaeausecswecse 50 37 49°03 159 16°78 | 180 0 2°60 
| Corryhabbic  .....sccecesees siveuseasdevasesesideees 57 20 40°27 3 IL 40°34 179 59 57°76 
COWYtho: <csisssssevcceesene idowadiecuesecwobaews 57 40 59°20 2 39 31°47 179 59 54°55 
Cradle cieiicces dodstesvicctoccwnsesacvases Seung cess. 51 57 2 37 15°61 180 0 4°OI 
Cri fel oes de ews vyoct syucacsacusbesassteieabecs 54. 56 26°38 33737°16 | 180 0 13°65 
B CrOPN Ah sce cecsayeaeceetvccines sviuctetiasacwesteee. 53 20 46°37 7 16 36°51 | 179 59 57°83 
POOTOSS WGI: eet coso a oaan vias cebaeeseeusweetesseeuns 54 42 10°76 229 6°73 180 o 17°58 
) CLOW DOLOUE a ucodeaisarswossageussdesscceesanvecsen 5I 3 19°37 |—9 Q 21°09 179 59 56°64 
h Crowle: Beneon: sccscecscseseescvcdesscessesecceuscs 53 39 37°45 0 49 29°08 180 0 29°13 ! 
| Cuileagh ...... geen dda siosecueaveciecsleesineassevesaine 54.12 3°19 7 48 35°20 179 59 56°46 
CUNGAM « seccccccccscciscsssevesecevssvessessasnnss 55.1 2°71 7 7 27°40 179 59 57°73 
| Cyrn-y-Brain .......00secccscecsssonsecrscescesenees 53. 2 17°61 3 10 20°97 179 59 49°17 
Danbury Church Spire .....cccsccssesccesssoseacs 51 42 57°19 | —0 34 32°52 179 59 35°55 
| Deadman........0. deasiusevceweuiaseysactNnonccesadns 50 13 17°22 |. 4 48 ovat 180 oO 1°90 
Puen ED: -sciepepsnvewenweveweweravcnceexececagteces 51 1 49°71 I 39 5°59 180 0 28°40 
} Deerncess ......00- sie tnOnede viesewsuncalepersovenesten 58.57 5°22 2 44 56°26 179 59 55°39 
DCMIMCTGssaatesy ees earsscnecaassvesscasedesescoseses: 53 13 17°93 241 2°43 180 o 18°50 
ILC WING: <4 cwaccnwacedeweusesscesssussescoereabicun: 50 54 5°69 o 6 21°80 180 0 6:02 
N IDIWES : seve ucesacwaaicbaaiedseevie teuuedacateaseseudesss 54. 36 40°42 6 I o°o4 179 59 59°24 
| Docking Church Tower  .....,..cscccssserscenes 52 54 3°74 | —0 37 28°20 179 59 52°63 
| A DOON EVO “ws caewenvssseleusiaweseeseGusvdeanaeehetekes 51 47 22°92 8 27 24°65 179 59 56°18 
runs PONG -\sczssechasacitsutencadeusceseswsseeeays 55 9 11°36 7 8 53°34 | 179 59 58°53 
Dublin Observatory Dome .......ccceceesseceee 53 23 14°21 6 20 13°04 179 59 58°05 
AD UOGWIGCKe a. uti veer 6 cacwadeeascasesoiaboneassiescasekes 57 25 49°69 2 2 6°00 179 59 48°39 
 AUNKErY DEACON. cvecccidessedasvcecwedueses sacesk - 5I 9 45°68 335 6°65 179 59 59°42 
| Dunnet Head ...... cece. Kees pudenda csceeudestaceiats 58 4o 8:25 3.22 11°43 179 59 55°92 
DUNROSG ccs Wovevensvesncvonsebescesosecoassvecesex: 50 37 5°53 X Ir 49°66 180 o 10°67 
Dunrich: ....c.00. ee SE Se ee ae een 55 34 19°58 3 If 0°05 179 59 55°12 
L DUNStADIC- .dsdsiccenwesaubscosedeacoscesvoneacecieds 5I §I 50°79 0 32 5°09 180 0 2°48 
Easington ..cccosecsess Sephaeviaasesssucesseueeatee 54.34 53°42 0 50 23°77 180 0 0°63 
} East Lomond ......sccccsesscceecs sdagteysrstcesiases 56 14 31°85 3.13 9°76 179 59 52°78 
aston Church Tower .....sccocesses eovees suede 52 37 50°65 O 30 21°96 179 59 29°I5 
HEY MINSLOE. ‘selaccrscsel vensedécesseosecassaodewess 52 23 55°04 | —0O 15 51°46 180 0 14°39 
p AS pPINg, CUpoly sswsscssvesveusdsvesavvesnesssiensvs 51 42 15°89 0 7 28°09 180 0 3°56 
Fair ISIC ...scessrcerescccseccescees Seennauiateewawes 59 32 45°04 I 37 50°23 179 59 54°73 
Vairlight .....cccccscesess pease cseash us esucustaaneey ees 50 52 38°16 |—o 37 13°54 179 59 53°68 
TEAS IIVOIE+ 05 Gres ce vase daeGies Saticcdacnccocecdextaecies Se 58 33 42°74. 4 53 55°48 179 59 54°70 
ene MRI os setsdsucscewesssceso.eccacecesuesntecons 51 55 21°68 IO 20 AI‘og 179 59 57°64 
WG EAE: sacsccateeeasoetcieresecstiecsacsecrcatedaceeeek 60 37 12°71 Oo 51 43°82 179 59 56°96 
Vitty TLill ..essccereeeccseosccscssseresenseess dienes 59 17 11°03 3 0 2°19 I79 59 54°72 
Forth Mountain seosresscccccccessoscsccsvcencccence 52 18 57°93 6 33 38°76 180 0 0°02 
| Foula ..seceeee sd ciobanlatdragessoneebesucorsuests apexes 60 8 24°24 2 § 37°61 179 59 54°56 
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Names of Stations. Latitude. Longitude W. North Meridian. 
[| Four Milo Stonc.......ccssscoscscccsceseecess canes 51 7 7°48 st 17°55 180 0 12°00 
Frittenfield ........ seoseaeee sie Soa dagecteatmaneseey 51 12 19'Go |—o0 50 10°62 179 59 32°47 
Gad’s Hill ....... se Nida seet ds vieectuadeatedessseucs 51 24 51°49 |—0 27 55°19 | 179 59 57°81 
Galtymore ........ Wewiewitee Jus es saceieuaneussaccesens 52 21 57°41 8 10 38°93 ore 
Gartorth: Cit cccscsisadevcdexieercce ere 53 46 55°54 I 22 7°40 179 59 46°46 
Garreg....evees semcemeeeay. sig Sachse SewiaVectaagsyasecs 53 17 38°55 3.17 58°19 180 o 22°81 
Glashmeal ........ daaaeedswacweresuavecweuemcueeeees 56 52 22°76 3 21 59°23 179 59 55°29 
Gerth of Scaw  c.cccccocscscccceccesconccccec ences ; Go 48 59°15 0 46 8°99 179 57 36°96 
Ese lOc | IR ere en ence one ee cusebees S537 42°64 5 II 24°20 180 0 6:72 
Groom y< sicacdesssvasseceaceveteses swine guwen sande 50 2 47°42 5 10 36°76 180 0 34°24 
{ Gorleston Church Tower ......ccccsescssvesssces 52 34 43°13 | — 1 43 33°39 179 59 36°90 
Great Sterling .......000. og esiegsaneuase enone: 57 27 48°94 I 47 15°53 179 59 I1*29 
Great Whernside ........+06 see ivevaubes’ seatiain oes 54 9 39°04 I 59 48°04 179 59 56°85 
Gringloy .....cccscccesscesceverseesces cesses scasesore 53 24 30°47 0 53 3°66 179 59 57°52 
Gwaunysgacr ......06. ssvesaanenees sebeceee esseerees | 53 19 18°GO 3 23 40°65 179 59 40°2 
Hampton Poorhouse .....seccccecesesecesesceseees 51 25 34°86 O 21 50°83 
Hanger Till Tower ......... pawsdsigneaeee ieee 51 31 23°36 © 37 50°98 179 59 48°96 
| Hanslope Spire: ssccsesccyasscessccsaneesncsissecevess 52 6 46°08 0 49 33°63 aed 
Happisburgh Church Tower......... Co eeeseveves 2 49 30°42 | —1 3t 56°18 180 © 20°70 
Hart Fell......... data beabsa¥eseeencaivvoesee ess svsese | 55 24 28°67 3 23 58°70 180 0 12°57 
FIGNSDATIOW. is sincsatneascessseescessaseue dus cine 50 23 0°73 4.49 3°23 180 0 2°83 
High Port Cliff ........ sapetewecesve acu imwabesneess 50 35 44°95 I Il 29°94 180 0 49°38 
Blight Wilhaysivccssesravescaes sieaasseeasieaeaes re 50 4r 6°52 4 © 34°41 179 59 58°25. 
| Hingham Church Tower .......cscssccecsseseess 52 34 45°I5 | — 0 Sg 1°54 180 I 17°21 
Holme Moss ...... sub escenavagccuxveuseeees ree 53 32 19°14 I 52 54°55 180 o 10°85 
Horton’s Gazebo..cscccssccsecsess a save Cormnunshen: 52 51 36°37 I 57 23°66 ane 
Howth Hill......... seeeawis gicaSeseasiesieiseias stacee |) 854.222, 23°70 6 4 3°54 179 59 59°13 
"| Hungry Hill .........seeceeses seeiatenss sivevecs wo | 51 40 12°94 9.47 27°14 179 59 56°82 
Ingleborough .....cccssseeeeees tsesesens se asnewanens ' 54 9 58°73 2 23 45°87 
} Inkpen Beacon .......000. Satnees eiudisdavets re Sr 2r 8+54 I 27 48°57 179 59 58°23 
Jira NOrily Pans sccseswevecen song dacsenebsess severe | 55 54 8°43 6 0 8°53 180 oO 2°48 
KAFNDONCHIS - sccdeccesccconssanecsesedececsssecssess| “50! TO§6°56 5 13 38°56 179 59 58°76 
Karn Galver ...ssccossesoees stecnsceee: coscssevecse | 50 9 54°67 5 36 41°91 180 o 7°96 
ICAPAMINN 1c ccccoceeeewssscocesendncs seuss Seesanees 50 II 41°00 5 31 56°38 179 59 57°84 
Keeper...... seepaeaieel sépaeudanercneeueess crocrevvoees | 52 45 5°15 § 15 35°30 179 59 55°89 
Kellio Law crecccccrcscrecscsccecssocrscerccces oevars 56 14 53°02 2 46 42°49 179 59 46°02 
Keys0e Spire ..cccccccsereeeceses ssGeiveivabeceeosens 52 14 59°81 0 25 36°74 180 O 2°20 
Kinw si ATDOUD. scaccautesesesinssasavewesea cance 51 28 46°89 0 26 55°27 179 59 48°69 
JKIppure sevcerseceeees sean eevee varece wisisisanie ssecvees 53 10 41°29 6 19 49°46 179 59 57°21 
IRNOCKk a ccisasvcccs ssseevenseseasvsseeceses siadesarsuss 57 35 2°60 2 46 25°36 179 59 51°93 
Knock alon@y’ xsscssssssucscsisewtuccsctssevessessess 54 II 39°02 8 45 30°95 179 59 56°17 
Knock analritisiicsccassswvsexiseevseceevesvws jeecius 52 17 20°28 7 34 49°82 179 59 55°45 
| Knocklayd ....cssesoees sboesupucsatacsevesnvenesness 55. 9 43°43 6 14.57°42 179 59 57°54 
| Knockmecaldown........scccccsssess pga dbeacruvavenes 52 13 40°23 7 54 51°10 
| MatoeknadOen’ <aivsccsessssssscescswsadenoseseneet 51 59 35°12 Io 10 24°84 179 59 59°35 
Knocknagante...cccosscccscccesssenesscscess sSiesees 51 53 37°21 9 56 3°00 180 C4 I°3I 
Knocknaskeagh ......060. danGusdiedenseuseunaswines 52 6 25°57 8 25 55°25 179 59 53°54 
Lawshall Church Tower ....ccscsscceescccessees 52 9 17°94 |—O 43 31°25 180 0 29°96 
| Laxfield Church Tower  .....scsscccescsescccees 52 18 6°65 |—1 22 3°91 179 59 50°23 
POY OW: Ty cctsisowescscscapasecevesvenetvavcovoates 57 16 49°06 2 I 29°05 179 59 47°04 
Leith DA, Tower: sésssscsisesstvescceenis Shutters 5I 10 34°42 OQ 22 10°go 179 59 54°01 
Lin COM: DANS6CE ssesavnsscdsvecsesessasceve ccoeniacs 53 14 3°00 0 32 4°46 179 59 35°60 
TAtile: Sterling wsssscscctssscscescseeessuseavecouss 57 27 32°02 1 48 36°24 179 59 48°64 
| Littletown Down ......... dis esecsesauessedaoucwns 50 35 59°21 I 12 4°41 179 59 13°97 
Lianclian.........ccceecoees cetectaceerads eeise ewig 53 15 20°81 343 46°13 179 59 45°91 
Longmount Pole........ os wialasoabedveceuneetceuds 52 32 40°39 2 51 43°77 179 59 50°45 
Lough Foyle Base, North End........cceceseeee 55 9 5°96 6 56 50°58 179 59 58°73 
Lough Foyle Base, South End........sessees 55. 2 33°86 7 0 22°03 179 59 59°45 
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PRINCIPAL TRIANGULATION, 


Names of Stations. 





Latitude. 
DAUMBGEN ccd cide csiessavcassssiwsectsevestesccesene 55 54 26°64 
Lundy Island ..,...ccsssccecsssecesssscesecerescones 51 10 I°477 
Lynn Old Tower ..scscccescccseseseeeeeesce snore 52 45 4°48 
Lyons Frill ......ssseccsssecees peeabesasimescereeuces 53 17 25°30 
} Maker Church Tower .........scsscsssscecsesces 5° 20 49°90 
DNIDLVCTI: sw nsvacaatacieisedousewsecadwasasscasieaeees 52 6 16°95 
MamiSul] sc ccssecwnssnarscetcestutasbonnteveeuecaiseses 57 16 47°65 
DICHGIP: -n6weshssvuciwsewecesvaescesessesessovensecass 51 13 6°39 
MGIICK: sesinersctcuasavews vecavaavsevareesvexantes 55 8 21°05 
Merrington Church  .......ssscscscseeccscecencess 54 40 38°75 
Mickfield Church Tower .......csscscscsvseseees 52 12 43°97 
Ni TEL. : svavautacecesacavedeccnesedvossenuesenes: 5I 22 34°33 
Misterton Carr Base, North End.........c0000. 53 31 45°60 
Misterton Carr Base, South End..,............ 53 27 29°02 
Noelire Tesi. 2:37 scicscews scccnues oaseasenessavetnn 53 14 48°91 
Mondely: cxsssaeeieiassdavapwacetscaeesranssecersseees 58 21 22°01 
NIOLGIN LONG ssdceuwceseaicudanedicaveusessoveventesce 55 48 27°97 
NIOPMONC csssonccasssvasessseseidverisedecersvesexe 57 36 8°99 
Mount Battock cc isssencscssenesvaciateatseessiceds 56 56 56°84 
Mount: Leinster :ccccscsdesicors osedsesesesuecastans 52.37 6°32 
MOUNE Sandy ciccevsecesvevevcowscevcsdcyesdecesssus 55 10 54°80 
NGWCODE sisswetceecexceens seseacaseusueesiunscsdecese 53. 6 53°13 
Naseby Church Tower ......... waateaseeteseeceue 52 23 48°42 
Naughton Church Tower .......cccsssorecssesees 52 6 5:68 
INGUIN: - oievecswesavedeadarnecnseeese shanesesessenss 54 0 47°73 
UNIVO LIM]. ~ccguivtcavewpenweaes ce esuauerveuntsssemeese 60 47 33°36 
Nodes Beacon.........cccscccersesesrcseccvccsseoees 50 40 0°07 
North Ronn  ...ccccccccvccccvcccccccccsscscceseeaes 59 7 15°80 
North Ronaldshay Lighthouse ......sessccceeuse 59 23 3°15 
Norwich Spire .cscsecossscccvccccercesscecs oo eeeee 52 37 54°44 
Norwood ....06 sa eile vecausuetuee secvesevasteasieneie 5I 24 50°63 
Old Dod 20: -sisussseeasnntwecesunseganenectavsvewenses 51 8 3°71 
Old ‘Sarum: Castle: sissccssseceass stiessodeosesenecs Si 5. 45°31 
Old Sarin Gunnscssercensceutecesnesesecasicesads 5I § 43°70 
Orme’. Wend 235 ssasecepsens siecersabsnintavsscweaty 53 19 58°76 
Ortord Castle. vvesssacscuestsnsanacdconeounscesndés 52 5 38°54 
Otley Church Tower .........ccccccsossesensceeens 52 8 54°90 
Over Hill ....sssccescvcssecvecssvccecscssesssrseses 57 15 18*g1 
Pad dlesw Orliccvccssessesceesiveoes conessteseatseavess 51 6 48°95 
PaPaCOMDG icsnassvstseessevadensoctesenvessvausicegies 51 10 32°17 
POnd le Till ssoswersecinvetesesdecccnvecccaseseetessen 53 52 6°43 
Poeninnis: WinGM Ube. ccsisscscenedsseseccestevcvsnss 49 54 28°96 
POrtinOy sstusvceckecevepencardsessceteteansseseeionsas 50 6 24°13 
Peterhead Old Windmill ...........scseceeeccees 57 30 43°78 
PilleSdOW ss scsccsesicasssinesseeevecassoweaseseeveveuss 50 48 24°37 
PIYRUMMON: - acossinssamesecwivsscecnscsaeessgcevs 52 28 o°74 
Precelly sscccccoseseccecesncecssverscccncsesserecnecs 51 56 45°99 
Reform: Monument: <..cssscscsscwcscesscssesecesdsus 57 29 30°87 
Rhuddlan Base, Hast End .........ccceceees conse 53 17 11°83 
Rhuddlan Base, West End  ........ccccssceesees 53 17 41°05 
ALOUD: ceevierereccecsetdencee decid pasesaseoaeseennne 60 32 1°30 
IW ON: - clecisenrccesseassaeueusee useodenisecgssonans |} 57 50 8°07 
Ryders Hub: aviscesssscceaccesswideassecsdsacnente 50 30 21°27 
St Agnes: Baton cocci sass sasedersenetsenieenes’ 50 18 24°28 
St. Agnes Lighthouse Soca ea suc eemaesanaues 49 53 32°93 
Sh Ann 6 Ll avssssiespenceevesswvexs oer ere 51 23 50°98 
Ge Martin S (ICI susecevecscewesarsmeawinerecneass 49 57 59°53 
St. Paul’s Cathedral ....... smeaeuewRenevenee teens 51 30 49°14 


Longitude W. 





North Meridian. 


179 59 47°11 


179 59 28°90 . 


180 o 11°38 


180 1 59°82 
179 59 48°74 
179 59 49°90 
179 59 25°99 
179 59 50°76 
Id0 O 12°53 
179 59 58°14 
179 59 57°08 


v4 
180 0 27°45 


179 59 42°69 


180 37 48°50 
180 43 12°70 
179 59 55°61 
180 O II°*21 
180 0 13°80 


179 59 57°89 


179 59 51°14 
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LATITUDES AND LONGITUDES. 





Names of Stations. Latitude. 
St. Peter’s Church Tower  ........cccecocececes , S121 54." 55 
AWC): ec casaensncs sqeebesuierccaca.ecstvcanGeetane: 54 49 10°82 
BAKA OF OsececenisicseaiesciactadeonvdcutssGsinehcece 60 49 39°31 
YTS OW sa cyicsaeSuany Gee badecscuudscaiwesatise 55 50 48°94 
edi OM suds sieieu rcbevavehseweconteceviweeoeis 54 27 14°89 
GUMADUD sw vsidavevanruesiiiecescaveveeyanuceecneeces 58 13 13°05 
P ScOluninlapiclt sc: <ccccateucuswisuvesuescatuwehossse 57 22 g°2t 
SOVCINGTOOZ .....csecscscscsccscescescecescsveecacs 51 27°59°49 
Shanklin Down .......cccccscsscsecceccscocecce sess 5° 37 5°59 
meVG DOnnrdssiscsunessstvecccdeess cacedeavswassate 54 10 48°56 
MOVE LCNHUG aiscovesenniexceonsescaascauesccanesst 54 39 4°50 
SHOVO MONG: -xeccacesiceeiacswatietsaccestanrasiens 54 © 35°00 
SIO VG OWNING supes yewewexsccasevavecesceusevarcees 55 rr 46°98 
NOW GON soc deccindsic ve uducses sraaceeseuvacsenbe veces 63.4 eT 
DOULNMIN LON: eevineceivnccavectevesbwencieeasseecews 50 54 48°88 
DOU BELO: sesssausdowotinvestaseucvavinvoudteutes 54 8 57°87 
South Lopham Church Tower ..............000. 52 23 44°30 
South Ronaldshay ..........ccsccsvsccsscsecscecees 58 46 54°84 
Southwold Church Tower ...........cceseeseseses 52 19 41°05 
Start Lighthouse: ccccscsccsis seantsceeveecsevescoas 59 16 39°60 
Stoke Church Tower .........cccscscecsesceescsees 51 59 21°30 
UOKO TILL. .ccicecansuswesmpaneoveccssaoeceleensacsans 51 16 18°73 
SLOIE™ sscsscucss caeadonee ds waseGensueesioceresuaneiuses 57 30 25°38 
MULONSAY scelcudsncaics as bavenwebaasounetessaeeebeans | 59 5 37°60 
Swaffham Church Spire ......ccccccesessesceees 52 38 52°84 
DWYTO DATLOW nce aicwahievasrecesuceadopavesioa 50 36 20°63 
VED: asleteleewisccwesbanseneecoxeus poleccedescdawoatas 52 41 56°41 
WP AEDIRUNY voi soiaciwes eedee be cewitenveseseigueieseeusus 57 12 42°09 
WOU; soe vhnadensesanoeteeweesenwseusoousaeeatacedtecs 52 14 17°69 
TOWORENMOLO: cs adececacessh osescesceueieesewiees 54 17 39°93 
Leleprapli:S OWer crocus adcoduesswneeawesnnteeud 49 55 43°62 
UMPC youccucseaeueacencassgscevesteaaenetesveudeaes 52 I 2°43 
Thaxted Church Spire .........cccccseceversceces 51 57 14°86 
TL MON sais suelisois coavay daslsanee sen saesnioneesseseswesens 52 38 43°19 
Potts Church: Tow er siscesstacexdsovsesnecacssicese 52 309 3°96 
LYTCVOSC TCA sivcsevushesiistesmawnsasxateaseseavoads 50 32 54°39 
LYOSUOM: sds se'se/ewenicavanstvieseavestussanvevaseesace 55 2 44°41 
WNCOt DOW: xcicccissnesccesconnsdevensccacesetesns 51 28 44°19 
Wicars Carn: sasoscssesusaceviassvetecnaceen rer 54 17 53°71 
Walpole, St. Peter’s Church Tower............ | 52 43 42°74 
Walton Church Tower ......cccccsscssssecccerecs 51 51 51°37 
Wart TUN Hoy i ccsiesciweccsivsévesceseuseswseeu 58 54 1°98 
WAUCE Cram: catcinss ceeds vveudysveeesarsseanteie: 54 26 12°47 
Week Down ........cccceccees Soave eoudsweddewseds 50 35 52°06 
Westbury Down.,...........cceceee soivceseaessiens 51 15 36°50 
Whiteliorse Ft ox .jiststssvassesiceutecasaesevewrs SI 34 31°22 
AV IMUELG -spatencute tidauswtteeiekece cul aeantweenteverers 53 39 59°66 
WY INBECON: Sidney seplewioas san weubeeeceveveswsierades 50 59 6°36 
Wisp oes Evesbaneeialaoeatesrabauesdekeliassendacens 55 17 3°50 
WOME IROCK 6 cssssctesinsassSuusdeaescavesseneetoreyes 49 56 43°38 
WOPACSlOW wivgsrescnvovesacnesssausstwrseosnenee nies 54 50 56°09 
Weothaim. iccvinescscutuvissssaveenvereiortocs.. eee | 51 IQ 0°18 
WIORA] ccs, ceases cudeareedslbsisnaanetersesaseuesees 50 36 7°53 
MOU 20s ssesvdslnbsacugpaneaiuesosnpes eatuusedaterdeats 60 32 46°71 
Yorks Minster vssiccsscevasisessnnseassarsasboesssces 53 57 43°58 


Longitude W. 
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2 15°83 
50 20°30 
40 6°94 
T2 35°34 
35 22°53 


North Meridian. 


179 59 49° 
180 oO I° 
179 59 57° 
179 59 59° 


180 Oo 
179 59 55° 


180 o I0° 


180 0 7° 
180 0 29° 
179 59 53° 
180 oO o° 
179 59 50° 
179 59 58° 


179 59 54° 
179 59 56° 


-T79 59 54° 


180 Oo 5° 


180 0 39° 


179 59 55 
180 90 2° 


60 
58 
30 
35 


°53 
S°o! 

‘1s 
85 
‘40 
* 34 
"44 
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72.8 PRINCIPAL TRIANGULATION. 


Positions of Observatories. 


Observatory. Latitude, Longitude W. - 


Armagh Observatory.....cseoes sepaencmamieoubesesues ; 54. 21 10° 56 6 38 53° 
Brisbane 55 49 1°82 4. 51 33° 
Cambridge 52 12 51°90 |—o 5 48° 
Edinburgh . 55 57 17°57 
Durham : 54.46 5°27 
Dublin 53 23 14°21 
Liverpool 53 24. 47°06 
Markree 54 10 30°51 
Oxford 51 45 38°56 





§ TIL. 


Comparison of observed Azinuths. 


If we suppose a spheroid whose semiaxes are a= 20926249 and b= 20856337 feet, so placed 
with its minor axis parallel to that of the earth’s revolution, that there shall be at Greenwich an 
apparent deflection of 1’”- 40 to the north, and no deflection in the direction perpendicular to the 
meridian ; and if we suppose all the points of the triangulation to be projected upon this regular 
surface, the latitudes and longitudes of these projected points, together with the directions of 
the meridians, will be as given in the preceding table. The surface just named, as also its 
position, were obtained from the approximate solution of the equations at pages 693, 694; if the 
final values of & 4 wand v at page 712 had been used, we should have obtained quantities 
differing slightly, but immaterially, from those calculated with the first approximation to the 
nearest spheroid. — 

The comparison of the different observed azimuths with the transferred azimuth of the 
meridian mark at Greenwich, is shown in the following table :— 








Abstract Reading Observed Azimuth 180° — 
Stations, 0 o Diff. N. Merid. Error. (Err.)? 
Referring Object. Referring Object. 
° i “ut ° / “a “ “ i “ 
Arbury Hil . . . . 185 7 13°94 185 7 50°69 | — 36°75 | + 38°78 + 2°03 4°12 
Bajlsham . . . . , 150 59 14°94 150 59 12°77 + 2°17 | + 6'51 +. 8°68 75°34 
Bardon Will. . gg | 213 47 «12°42 213.47 10°13 | + 2°29] — s'62| — 3°33 TI‘09 
Barrow Will . . . . | 352 32 29°98 352 32 27°79 | + 2°19 | — 10°39 | — 8°20 67°24 
Beacon Hill . 2. . 4 | 6212 52 57°12 212 52 55°08 | + 2°04 | — 3°48 | — 1°44 2°O7 
| Ben More, South Uist . | 305 41 44°45 305 41 41°70 | + 2°75 | — 4°32 | — 1°57 2°46 
Ben Macdui ~ «| r6r 48 21°98 161 48 29°96 | — 47°98) + 10°16 | + 2°18 4°75 
1 Ben Nevis . . - | . 81 52 46°07 Br 52 22°51 | + 23°56 | — 12°93 | +10°63 | 113°00 
Blackdown. . . « «| 316 31 58°96 316 32 1°55 | — 2°59/ — 5°11 | — 7°70 59°29 
Brandon (Suffolk). . . | 126 15 30°04 126 15 11°35 | + 18°69 | — 16°59} -++ 2°10 4°41 | 
Bunwell ‘Tower . . + 183 23 30°00 183 20 28°23 | +181°77 | —172°79 | -+ 8°98 80°64 | 
Burnswark., . . «© « | 204 52 12°04 204 52 7'20 | + 4°84} — I'04 | -++ 3°80 14°44 
Butserr . . . . « «| 108 rr 14°96 108 10 54°92 | + 20°04 | — 24°75 | — 4°71 22°18 
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Abstract Reading | Observed Azimuth 
Stations. of of Diff. 180° = Error 
Referring Object. Referring Object. N. Merid 

o é Mi ° é a di “i fd 

Clifton Beacon . 21 34 35°89 21°34 22°58 | -- 13°31 | — 14°95 | — 1°64 

Cheviot . » | 246 9g 15°05 246 g 30°63 | — 15°58 | + 10°36] — 5°22 
Corryhabbie » | 204 40 10°96 204 40 1°59 | + 9°37} + 2°24] II 
Cowhythe . 66 27 31°99 66 27 36'9t | — 4°92] + 5°45] + 0° 
Cradle . 130 50 37°98 130 50 37°59 | + 0°39] — 4°01 | — 3° 
Ditchling 274. 23 17°16 27423 1o'o05 | + ZrrIr{| — 6°02] + 1° 
Docking 40 47 20°10 40 47 21°26 | — 161 + 7°37] + 6° 
Dunkery 84 41 9°98 84 41 14°46 | — 4°48] + o758] — 3° 
Dunnose 339 I2 19°99 339 12 12°59 | + 7°40 | — 10°67 | — 3° 
Dunrich . 242 28 42°12 242 28 56°85 — 14°73 | + 4°88 =< 
Easington . ; 128 38 55°03 128 38 Go°4g | — 5°46| — 0°63]; — 6: 
Epping Poorhouse. . 342 30 4°97 | 342 29 56°23 | + 8°74) — 3°56] + 5° 
Fairlight . a ¢ 276 5 8:93 | 276 5 11°57 | = 2°64] + 6°32] + 3° 
Frittenfield . : 231 8 I0°lII 231 8 35° — 25°33 | + 27°53 ae 
Gad’s Hill . ; 207 II 50°07 307 11 48°95 | + 1°12 | + 2°19 | + 3° 
Goonhilly . : 342 58 I1°Q9 342 57 35°14 | + 36°85 | — 34°24 | + 2° 
| Goat Fell : 233.2 «2°31 233 1 57°98 | + 4°33 | — 6°72) — 2° 
Happisburgh ; 145 27 59°61 145 27 39°70 | + I9'9I | — 20°70] — O° 
Hart Fell 350 20 29°89 350 20 Ir*rr | + 18°78 | — 12°57] + 6° 
Hensbarrow ; 78 25 55°01 78 25 49°82 + 5'I9| — 2°83 + 2° 
Inkpen... 319 9 39°94 | 319 9 45°78 | — 5°84) + 1°77) — 4° 
Laxfield Tower , T45 54 30°03 145 54 34°09 | — 4°06] + gry7] + 5° 
Leith Hill Tower . . 221 32 45°05 221 32 53°17 | — 8°12 | + 5:99] — 2°: 
Lumsden . ; 144 53 47°86 144 53 59°95 | — 12°09] + 6°or] — 5°1 
Lundy Island . . . 194. 25 50°99 194 26 4°99 | — 14°00 | + 16°83 | + 2° 
Mendip . e, a0 5 114 54. 10°06 II4 54 24°91 | — 14°85 | + 14°85 O° 
Merrick . .. . 71 27 0°36 7127 6°48 | — G12} + 5°21 | — O° 
Mordington os 148 27 44°92 148 27 4o'5r | + 4°41 | — 6°87] — 2° 
Mormonth . : 84 55 17°02 84.55 47°19 | — 30°17 | + 19°57} —IO° 
Mount Battock . , 238 28 21°50 238 28 44°26 | — 22°76 | + r5°72 | — 7° 
Mowcopt ... . 280 37 6°87 280 37 2°55 | + 4°32 | + 2°38 | + 6° 
Orford Castle . . . 68 51 29°77 68 49 23°65 | +4+126°12 | —119°82 |] + 6- 
| Paracombe . « 4 87 45 7°06 87 45 11°24 | — 4°18 | + gr24] + 5° 
Pertinny 6 31 2I 40°02 31 21 43°70 | — 3°68 | + 2°92 | — O° 
Precelly ‘ 2II 58 30°09 211 58 46°38 | — 16°29] + 17°31] + T° 
| Ryder’s Hill ‘ 310 0 44°97 310 0 36°12 | + 8°85 | — 13°80} — 4° 
Sayrs Law . : II3 50 20°00 113 50 21°61 | — r'61 {| + o'65 | — O° 
Scournalapich . . . 351 58 39°99 351 58 35°14 | + 4°85 | — 10°36] — 5° 
Slieve Donard . ‘ 130 5 13°06 130. 5 23°07 | — Iotor | + 6°33) — 3° 
South Lopham . Igo 11 6°82 Igo 11 2°68 | + 4t1q | + o*lo] + 4° 
Stoke Tower 272 34 49°95 272 34 28°67 | + 21°28 | — 18°15 | + 3° 
| Tharficld I1r 38 29°96 Irr 38 39°58 | — 9°62] + 8°97} — O° 
Tofts Tower... 273 34 59°98 273 35 14°96 | — 14°98 | + 21°33] + 6° 
Walpole, St. Peter's. 194 47 29°96 19447 31°91 | — 1°95 | + 10°47] -- 8: 
Wingreen : 85 58 34°88 85 58 44°84 | — 9°96; + 5°87) — 4° 
Wordeslow . 57 51 4°98 57 51 18:05 | — 13°07] + 5°80} — 7° 
Wrotham , 274. 56 45°11 274 56 37°50 | + 7°6r |) — 5°65; + 1° 
York Minster . 260 26 25°03 260 26 26°63 | ~ I'60/ — 211} — 3° 








The sum of the positive errors is ++ 1 35-41, and the sum of the negative is — 127-69, 
which shows that the observed azimuth of the Chingford mark at Greenwich is very exact. The 
sum of the squares of the 61 errors is 1619-09, whence the mean square of error is 26-54, and 
the probable error + 3”-47. In the comparison of azimuths observed at two different Stations 
we have seven independent sources of error: at the one Station, (1), the error ¢, of the 

4 Z, 
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astronomical determination of the angle between the meridian and the terrestrial object observed 
in connection; (2), the error ¢, in the bearing of this point relatively to all the Stations around ; 
(3), the error «,, due to local attraction; (4), (5), (6), or ¢,’-¢,’ ¢,’, are the corresponding errors 
at the other Station; and (7), the error «, of transference due to errors in the intermediate 
triangulation. But as we have not the means of separating these different sources of error, we 
shall suppose the error of comparison due to: (1), errors of observation ; (2) and (3), the local 
deflections at thé two Stations whose azimuthal determinations are to be compared. In 
comparing the different observed ‘azimuths with that at Greenwich, we may suppose the influence 
of local attraction at Greenwich upon the azimuth as zero, so that the comparison will be 
affected by: (1), errors of observation (every kind combined) ; (2); the. effect of local 
attraction at the Station under consideration. Now it will be seen in the Section on. the 
Figure of the arth that the probable value of the disturbance of the plumb-line due to 
accidental local attraction amounts to + 1’’-75; and therefore the probable error of an observed 
azimuth due to local attraction is + 17-75 tan a. Let + be the mean value-of tan? 4 for Great 
Britain, then 3-062 7 will be the square of the probable error at any Station. From A, to a, 
the value of + is, = 





Ag 
tan? A da 
A, — A, Ar 


_,.tan A,,— tan A, 
a A, mA, 


T= 


Taking 4, = 50°,A, = 60°, we have-z = 2-096, -. 3:0627= 6-418: hence- the probable 
error of a comparison of observed azimuths, separated from the effect of local attraction, is 


+ 3-477 — 6-418 = + 2/37 


Of this the greater part is doubtless due to the astronomical determinations. - 
The probable error of 4 (page 712) is + 07-55, consequently the ‘probable eiror of the 
absolute azimuth of the whole triangulation is £ 0”-69. 


§ IV. 
Distances of Parallels. 


The logarithmic values of the distances of parallels will be found from page 677 to page 682. 
They are, however, necessarily dependent, within small limits, upon ‘the assumed figure of the 
earth, and must receive corrections corresponding to the quantities § » uv, page 712. Lets be 
the distance of any Station from Greenwich, « its azimuth, and § the angle subtended by 
s at the point where the normal at-Greepwich intersects the axis of revolution: let % be the 
latitude of Greenwich, and go° — > the third side of a spherical triangle of which go — a, 
6, and @ are two sides and the included angle; then by spherical trigonometry — 

sin ¢ "= sin A cos § +- cos A sin 4 cos @ 
cos w cos ¢ = cosA cos é —-sin A sin 6 cos « | 


cos «’ cos 6 = sin Asin 6 — cos A cos 6 cos & 
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. Differentiate the first of these equations, and we have— 
cos ¢ dp = cos A cos 6 dA — sin Asin 6 cos « da 
— sin A sin § dé -+--cos A cos 6 cos « df — cos A sin § sin « dz 
- -=— =. 00S w cos ¢ dA =~ cos 2’ cos.¢ di — cos Asin § sin « dz 
by reason of the second and third equations ; 


--. 2 d¢.== cos w da — cos e di — sin-6.sin.«’ da 


which might have been deduced directly from the expression for do, page 690. If S be the 
distance of parallels, we have by page 248— 
S=s G=% 
: g : ‘ 
Odg — dr = (@ — A) dé. 
coerce | a 


= —5 (a — cos w) ddr + (2-4 + cos a’) dj + sin @ sin «’ da) 


dS = 





Also— .. ... - 
@$—~A _ sind(a’ — «) | 
6 sind (a + a) © 
: cosa’ + 2 = cot (@! + a) sin a! 


= twsind(¢ + A) sina’ + nearly. . 


which may be ites aS the coefcient of dj, Again,.2¢ being put for the square of the 


excentricity— 
oe PRET aed 
Taking t the é logerithniie differential 
dé sin?A ° . da- 
¢~ “r= a2esma” * ‘a 
the values of & 7 uv are— 
E = da $= + 15864 
tan A. = dx 4 = — 0°546 
arc 100” ,.u = “ 2S + 0:32.45 | 
. arc 100”,v = 2dz v= + 0-9276 . 





Remembering that azimuths are to be counted from the north round by east, south, and 
west, and longitudes measured westwards, we have for dS, by putting s = af in the common 
factor, and substituting for 4 sin «’ sin 4 ( ++ a) its approximate value }- sin 2 A, 


6 dS = @ sin 3” oe (I — cos w) % + (1 — cos w) (u ee + yeni) 


where, as in page 690, a = "3073: Substituting the aemegeal values of -& y uv, there results 
finally— 


es. anes ds = 2824 (1 — cos 0) — 433 sin w 
4Z 2 
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‘The following table contains the distances of the parallels as derived from ‘pages 677—682, 
with the values corrected to the true spheroidal figure. 


Distances of Parallels. 


De Sf ss SSS 





Stations. a Se aes Corrections. | inal Results. 

SAINT AGNES . 0-0 + 0-0 - QO 

| GoonmLy 56210-9 — 4:9 . 56206-0 
FTENSBARROW . 179210-2 — 6-1 179204: I 
Hicu Porr Ciirr 256691 +2 — 12:8 256678 - 4 
WeEEk Down , 257411-9 = L287 257399-2 
Boyirace Down . . 259373°5 27 259360-8 
DUNNOSE . 7 264859 7 — 12-8. 264846-9 
Brack Down. 289851 +4 — 11-6. 289839-8 
SOUTHAMPTON . 372666 -8 — 12-6 372654-2 

| GREENWICH 578576 -6 — 12-4 578564.-2 | 
Hunxery Hi 654938 - 3 -++ 21-0 654959°3 
FPEAGHMAAN T741000+7 +- 25-3 741026-0 | 
PRECELLY 749564-1° | —~ 6:3 749557°8 | 
Ca3IBRIDGE : 8475 18. 4 — 12-5 847505 “9 
Ansury Hii. ; 851216-0 | — 12-8 851203 +2 
Forrn . 884631-0 | + 1-0 884632-0 
DELAMERE,: , 1215262-6 = Dien I215251°2 
Curron Beacon . 1301441-2 | — 12-7 | 1301428-5 | 
Sourn BErRuLe . 1554046 -6 — 6-6 | 1554040-0 
TAWNAGHMORE 1606994-7 + 19:6 1607014.:3 
Burreicn Moor . 1708038 ‘I | — 12-8 1708025 3 
Dunuam . 1. 4. 1780015-0° | — 12-6 1780002 + 4 
Loven Fovre Base . 1880304: 8 + 3:3 1880308 - 1 
Carron Hn. . 2203487-7 | — 10-5 22034772 
Ben Lomonp . 2299448 -6 — 6-7 2299441 °9 i 

| Kern Law . 2320596. 8 — II-2 (2320585 -6 
Ben Heynisu 2396286-2 + 2-8 2396289-0 3 
GreaT STIRLING . 2764699 | — 12:4 2764686 -7 
Cownvrin +, * 2844909'0 | — IL-4 2844897 -6 
Monacn . 3090834°7 = Oe 30908345 i 
Ben Horie . 3162045-8 | — 7-1 3162038 -7 
Nontu Rox . 3370394°2 | — 2-4 | 3370391°8 | 
Barra . 3966289-3 | — 12-8 3966276-5 ; 
Gerntu or Scaw . 3990116-3 — 12-8 3990103 °5 “ 
SAXAVORD . 3994195°5 — 12-8 3994182 +7 i 
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SECTION XIV. 


FIGURE OF THE EARTH. 


Ir is proved in the mechanical theory of the Tigure of the Earth that, neglecting small 
quantities of the second order, the generating meridian is an ellipse. When the investigation 
is pushed to include quantities of the order of the square of the ellipticity,* a second parameter 
or constant is introduced, the value of which can only be obtained from observation. The 
determination of the Vigure of the Earth from geodetical operations is virtually the deter- 
mination of that curve, generally assumed elliptic, which will bring the different measured 
arcs into the best accordance with their observed terminal latitudes: this curve may be said 
to represent the real Figure of the Earth with the greatest measure of probability. 


§ I. 
Previous Determinations. 


The attention of many eminent writers has been turned to this problem, and it may 
be instructive to compare some of their results. The results arrived at by Laplace in the 
Mécanique Céleste were very unsatisfactory, owing entirely to the very imperfect state of 
geodetical measures at that time. In Bowditch’s notes} to that work, Vol. IT., page 453, we 
find the following ‘expression for the length of an are of the meridian between latitudes 
o and w, in feet— 

. Ss = 101%-259564 W” — 50209-2 sin 2 — 60-0 sin 4h 
where w” is the latitude expressed in seconds. This result is deduced from the arcs in Peru, 
India, France, England, and Sweden. ‘The curve is not restricted to the elliptic form, but 
differs very slightly from it; the axes are— 


a 


b 


20919768 db 3111 


20852822 Qa 312-2 





The curve is depressed below an ellipse of the same axes, but the maximum depression is only 
58-8 feet, which takes place at the latitude of 45°. : 


- 





* Phil. ‘Trans. 1826, page 548; and Phil. Trans. 1841, page 75. 
{ Mitcanrque Citresre, by the Marquis pe Larzace, translated, with a oneepene by NarnanieL Bownpiren, 
LL.D.—Boston, 1832. » | 
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The most celebrated determinations of the Figure of the Earth are those by Professors 
Airy and Bessel. The former is given in the Encyclopzdia Metropolitana (Art. Figure of the 
Earth), being based upon the discussion of fourteen meridian arcs and four arcs of parallel: 
the resulting: quantities are— 


@ = 20923713 b _. 298-33 
b = 20853810 @ 299-33 





Bessel’s determination will be found in Nos. 333 and 438 of the Astronomische Nachrichten. 
The results contained in No. 333 were subsequently found to be vitiated by an error in the 
geodetic distance of the parallels of Mountjoy and Mola. The corrected values were found 
_to be a = 3272077-14 toises; b = 3261139- 33 toises; or, | 
a = 20923600 b 298-15 


b = 20853656 a 299°15, 





‘The probable error.of the determination of the. mean degree of the.meridian is + 1; 916 
toises, or + 12- 25 feet; and the probable error of the quantity 299-15 is + 3°15. 
The agreement of. these two sets of results. with one another. is very remarkable, but 


must Herons be considered rather in the light of a singular coincidence than as a proof of 


their accuracy. 

In Colonel Everest’s ‘Account of the. Measurement of Two Sections of the Meridional 
Arc of India between the Parallels of 18° 3’ and 29° 30’,” he has, by the consideration of 
twelve meridian arcs, deduced the following values— 

Pes es @ = 20920902 b _. 310-04 
3 b = 20853642 Q@ 311-04 





in which the value of a is considerably less-than in the two preceding determinations. 

: In the Philosophical Transactions for 1856 there is a paper containing a new determination 
of the Figure of the Earth founded upon the same arcs as used by Bessel, but-including the 
extensions of the Indian and English arcs. The sum of all the total arcs amounts to 63° 21’, 
the whole distance, measured geodetically, being about twenty-three millions of feet, or a tenth 
part greater than the radius of the earth: the number of Astronomical Latitudes employed 
‘is 38.. The results of this calculation are— 


?. 


a = 20924933 b __ 29707 


b = 20854731 a s- 298-07 





The probable errors assigned to a and b are + 539 and + 408 feet ne a and. that of 
the denominator of the aceon representing the compression (298-07) is + 1-82. Of the 
accuracy of these estimates there may be a question ; they were obtained as a Using the 
notation of that paper, the quantities p gq are such as render a minimum the quantity 
“(mg + vy + (my + ap ebg+ ey Fm +aptagtay bees + (mm! + x!) 
+ (mm! + a! p + bf ¢ + 2’)? + (m! + a) p + bsg + 2’)? + +++, where x x’ a”... are 
. the :corrections to the iitial points of the several. arcs. Suppose p finally expressed thus, 
A.M, fA, mM, frees fA’ mM! +A,’ m,’ +--+, then the weight of p was taken as equal to 
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the reciprocal of 42 + a2 +--+. + a?-a+..--: for the quantities m, mm," «+++ are 
zero. By including the sum of the squares of a, 2,’ ---- the probable errors of a and 4 would 
be + 626 and + 503, and that of the denominator of the fraction representing the compression 
would be + 2-37. 

By omitting the pont Hvauz in the French arc from the data, on account of the extraordinary 
deflection at that point, we should have obtained— 
@ = 20925174 b 296-72 
b = 20854914 Qa 297-72 

and for the mean value of the corrections to the latitudes + 2”-05. — 

If with the data employed in the paper just noticed, omitting Lvaur in the French are, we 
determine the meridian curve without restricting it to the elliptic form, we get ue following : 
eapresnon¢ for the ener of an arc of the meridian from o to W, 


s = 101-285925 bb” — s4r6osin2ay + 765 sn 4 





and the values of the axes— 


a = 209027623 b 287-80 
C= a 





20855410 a 288-80 


This curve is more protuberant in middle latitudes than the ellipse ofthe same axes: the 
maximum elevation above the elliptic curve, which takes place at the latitude of 45°, amounts to” 
377 feet. The mean degree of the meridian is 364,629 feet. The mean value of the corrections | 
to the latitudes necessary to bring them into accordance with this curve is + 17-97. 

Although this curve does not differ in form but by a very minute. quantity from an ellipse,° 
yet the comparison of the axes with those of the ellipse best representing the same observations, 
shows a difference of about 2450 feet in the equatorial radius. Such a difference is very 
remarkable when we remember that the sum of the measured ares —— amounts to’ more - 
than the sixth part of the circumference of the earth. | 

For the surface of Great Britain ‘we have found a == 20927005, and. the denominator of 
the fraction representing the compression c = 280-4 + 8-3. Comparing these with the two. 
last:mentioned ‘determinations of the Figure of the Earth, we infer that the surface of Great’ 
Britain does not present any anomaly with respect to oe pee figure, as from its insular’ 
position might perhaps have been expected. i . 

Since the publication.of the last-mentioned determination of” the Figure of the Earth, the: 
data ofthe problem have received a most important increase by the completion of the Russian’: 
Are of Meridian, which extends from Ismail, in latitude 45 20’, to Fuglenes in the Island of: 
Qual-oe, in latitude: 70° 40’;—an arc of 25° 20’. © 


_ 
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§ Il. 


Method of Calculation. 


Let ¢ be the radius of curvature of the meridian at the point of which the latitude is a, 
and put 
e@=A+ 2Bc0s2a + 20 cos 4a (1) 


The Figure of the Earth will be known by the determination of the quantities A, B, C. 
_ The distance s, measured along the SL of two points whose latitudes are~a — }.¢ 
and a + 14, is 
s=Ado + 2B sin ¢ cos 2A + Csin2¢ cos 4A 


Suppose now 2, x, are the requisite corrections to the two observed terminal latitudes, and 
y the correction to the length as actually measured, then— 


s+y=A(e +2, —2,) + 2Bsin(¢ + 2, —2z,)cos24 + Csn2(o +2, nepeieae 


where s, A— 34%, A+ 44, are the actual results of measurement and observation. The 
effects of x, and 7, upon the mean latitude of the arc may be safely neglected; we may also 
neglect 2, and v,in the term in C, and thus by transformation, neglecting the squares and 
products of the very small quantities x, we have— 

omAgG—s—y+(A + 2B cos 2A cos ¢) (x, — 2,) + 2B sin ¢ cos 2a + Cain 24 cos 4a 


or, putting A + 2Bcos2acosd = Apo 
A(@,—2,)-—py =(s—Ad)u —2Bysin do cos2a — Cpsin 2¢ cos 4A 


But for the errors v, 7, y, each pair of corresponding quantities s @ would give an accurate 
relation between A, B, C, and three arcs would therefore determine the Figure of the Earth. But 
the relation is affected by various sources of error: the latitudes observed are affected by errors 
of observation and accidental local attraction, and the measured length is affected by errors in 
the geodetical operations and the error of the assumed relation of the measuring unit of Jength 
to the standard or reference unit. Suppose that the probable amount of local attraction is 
+ 1-75, which is not far from the truth, and that the probable error of the astronomical 
determination of latitude is + 0”-25; then the probable error of an observed amplitude is 


+ V¥2(1-75? + 0-257) = + 2”.50; this quantity multiplied by A, or the radius of the earth,-is 


equivalent to about + 253 feet. The probable error of the actual length of the arc depends 
entirely upon the accuracy of the different operations, and must be much larger in ‘the earlier 
arcs than in the modern. The probable error of the Russian arc of 25° 20’ is less than + 40 feet ; 
the probable error of the partial arc of about 11° from the southern point to Jacobstadt is 
+ 24-9 feet. The probable error of the English are cannot at most exceed this quantity ; but 
in the southern portion of the great Indian arc, the first Indian arc, and the Peruvian arc, the 
uncertainty is doubtless much greater. Still, even in these earlier measures, there can be no doubt 


pom ee enh te - 
i % 2 5 ek Srehad. ake Fa oA 
ia ae ae es aah» 2 f ” baa cae PERS ee, tet et Bei 2 See hate Z 
Rime memes Tattnall, aie shes ence Nae “Re top te ae : = wpe ee ee be 
sf ne ee ae Bee a ee 





hy 
"| 
i 





eS we en 


which may be put in the form— 


FIGURE OF THE EARTH. 737 


that the errors in the equations will be due principally to the latitudes. From this it follows that 
the correct method of calculation is to make the sum of the squares of the corrections to the 
observed latitudes a minimum, remembering that the corrections so obtained will be affected. 
with the errors of the different terrestrial measures. 

Omitting, then, the quantity y, we have— 


_ fs B : C ; 
Pe lo ri ae Sa aa ae a 


Assume three unknown quantities « v z such that 





I wee 
I WY ween 
A ———-208g0000 
2B ae: v 
A. 200 -' #10000 (2) 
C z 
A ._:‘-Io0000 ° 


Put 20890000 sin 1”, which is the approximate mean second of latitude = o, then, expressing 
v, x, and in seconds, we have— 


* 


a ) $4 su o 4 Sin $ cos 24 sin $ cos 2A | sin 2 cos 4A 
—-(%, —24,)=- ——_ — ——$__——- ———_———_—;; ————__— 
| , c  Io00O-~" 200 sin 1” 10000 sin 1” 10000 sin 1” 


Ly — 2, = m + au + bv + cz (3) 
where the values of m, a, 5, c are as follows :— 


sin $ cos 2 *) 


Ss 
m= (-— > + : 
G 200 sin 1” 

s§ 


an 
IO000'C ms 


_ sin $ COS 2A 


b= 
IO00O sin 1” i 
— sin 2 cos 4A 
“ Joooo sin 1” 
e = I + —~ cos 9 cos 2A 
| as 2.00 


If a measured arc have only the latitudes of the two extremities observed, there will result 
from this arc only one equation between the quantities wv z and the two corrections x, and 2, ; 
and in general if there be ¢ observed latitudes, or i— 2 intermediate Stations, there will be 
2 — I equations of the form | | 


/ 


“=m +e + aut + bv + cz 
Ped 


=m +e + alu + ‘bv + cz 
5A 
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If 2 U, be the sit of ‘the squares of the corrections of the“ observed latitudes in onc 
meridian arc, 2 U, the same quantity with reference to another arc; and 80 On; 2, 4, 4, being 
the corrections to thé initial’ points of the different total arcs, then— a | | 


2U,=27 + (m+ a+ aut bo tee) + (m,/ +2, + a,u +), 'v + 6/2 2) 4 gees La 
20, = 2,7 + (x, +t, + au+ bv + ej) + (m; + 2, + aut d/v 4+ _ + (m,’ +a2,+-- ) + 
2U,= 02 + (m+ 2+ au+dy tee) + (m, +2, + au + by v + oz) + (al tate) + 
The values of wu v 2, 2, ‘ z,++++ which render the quantity 
U=U,+U0,+ U,+-::: 


a minimum, are the most probable values of those quantities. They are obtained as 
follows :— : | 

















dU dU, . dU, . aU és My is 
OO = Os Oe Oy = 8 (am)'+ S(@)u + S(ad)0 + Sw)? 

+ (@)%, + (@) 4+ (@,) 4, + +++ = 0 
fee GS 4 ‘++ = (im) + S(ab)u + SH) v + B (be) z 

+ (5) a + ©) H+ (b,) et ovvs =O 
c = os ie < ao os + ieee SS (cm) + S(ac)u += (be)..v + -%.(c*) ise 

_ + (4) % + (G4) % + (4) % +++ = 0 
WW Mm) + teed Gvt@)z <0 
qo dU, dv, av un, nae 
eet Gt Git = Ot bet @ut+G@)v+@)z.°. = 0 
2 2 2 


and so on, in which for abbreviation— - 
S (ab) = (ad) + (ab) + (ab) +- 


From the last equations we have— 


= 4 Du + Ody 4 OQ, 


_@) On 4 Oy 7 (2) 
2, Oy We @ | . 


ts 


and so on. Substituting these values in thé first equations, wé have for-the determination of 
«uv and z the following equations: (4) _ , Oinge- 28 


o= = ((am m) — (2) (my. +3 ((@) - : fey w+ % (as) OM) e+ (ee) - DO): 
5 = 5 (dn) — DEY) 4 5 (a) - 2) w 8 (05 - F )o+%(v)- O28). 
o= S ( (om) — 2) + ¥ (Cae) = 9-0) w+ 3(0)-OM) 0+ 3(- J): 


coal 
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Probable Errors—Having thus obtained u v z, the next step is to determine their probable 
errors, or that of the quantity au + fv + yz. For this purpose suppose p unknown 
quantities « v zy -++ to be contained in g (> p) equations— 


O=7, + a, se ae a os 
OSM taQuthy+azt ey + eee 


oO = 2, cH aut oUt oe ana 


Then for the determination of w v z y- “+ we ines, 
© = (an) + (a*) u + (ad) v + (ac) z + eee 
o= (bn) + (ab) u as (2") v & (be) z + gue (a) 
o= (cn) + (ac)u + (bc) v+ (ce) z te Gi : 

and soon. From these we have, by eliminating w v 2, 


© = U + Aga (an) + Ag (bn) + Aac (en) + 2° 

o=v+t Aas (an) + Ara (bn) + Are (cn) + > (b) 
° 

O 


| Z ob Age (AN) ++ Ate (bn) + Aa (en) + + 
= Y + Age (aN) + Aye (bn) + eee 


Multiply these equations by «&y---,andput 
. A 

B 

OC 


aAg2 + Bags + rae + eee 
tha, + Bry bY Me ee: (c) 
GNae + Bate + YA + 


‘ li 


and so on; then 





om aut Put+yz+:-: + (Aa, + Bo, + Co, + +++) m, 
: + (Aq, -{- Bd, + Ce, apa -) a, 
a ; +- (Ag, + Bb, + Ce, +-- yn, 


~ © 
‘ ' 
a a 


The sum of shies squares of the coefficients of 7 is 


AAG) + BED + 00) + J+ BAG) + BG) + OG) He) (d) 


us ae cae Rie: Pat ee = 2 
X 
+ 

° 
os 
* 
es 
s 
* 
° 
- 
a 
Cd 
* 
a 

* 

ea 

2 

* 

s 


5A 2 
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If in equations (a) we substitute the equations (6), the results must be identically zero, 
or the different coefficients of (an) (dn) (cn) ---- must vanish; hence we have— 
1 = (a") Ag + (ab) Ag + (ac) Age foes 
I = (ab) Ag, + (8) Ags + (Bc) Ae tes 
I = (ac) Aq, + (be) Ay, + (6?) Aa + 
O = (a?) Ay + (ab) Aye + (ac) a, + > 
O = (a?) Aq. + (ad) As*+ (ac) Aa + 


and soon. By help of these relations, and the equations (c), ; 
a = A(a’) + B(ab) + C(ac) + eee | 
B = A(ab) + BY) + C(oc) +--- 
Y= A (ac) + B (cd) + C (c?) fo 2 


Therefore the sum of the squares of the coefficients of the quantities » in the expression for 
aw + Pu + ye+ ---- is Aa + BB + Cy + ----, and consequently if W be the weight of 


the determination of aw + fv + yz + ----, we have by equations (c), 
ag = Ae + BB+ Oy +s: 
.W= (2 Aga + B? Ags + yt Ag + 2a AG + VAY Age + UBY ye + > > 


By means of this ‘theorem it may be proved that if the resolution of the equations (4) give 


o=u+ fA + 9B + iC 
o=v+ gA + B+ jC (5) 
o=mz+hA + jB + kC 


where A, B, C represent the absolute terms of the three equations (4), then the weight of the 
resulting value of any quantity aw -+- fv + yz is the reciprocal of 
fo? + iB? + hy? + 29e8 + ahay + 2jBy (6) 


« 


Aves of the Curve, §c.—After obtaining wu v 2, we get finally through equations (2) the 
value of ¢ given in equation’ (1). The axes of the curve are determined as follows: If 2 y be 
the co-ordinates (measured from the centre of the curve) of the point whose latitude is a, 


: I pee ae 
r= — fg sina dr = (A —B) cosa + =(B — C) eos ga + 5 C cos 52 


y= J gcosrdn = (A + B)sin a + 2 (B + C) sin 34 +2 Cain 52 
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By taking the integral from «1 = 0 to a = 47 we have, a and 6 being the semi-axes— 


a=A-B+7B-C)+iC=A-7B-TC \ 
3 15 
(7) 
bo A+ B—-7B+C)+; C= et a 


Taking the sums and. differences— 








a+b 2, 
A= ; ara 
—b 
nae ee 
3 4 


Whence by substitution — 


7” act b 2 3 
e= ( 2 ee 3 (a 6) cos 20 + 2 C cos 4A 
a—b 


_atdb 3 2, _ Cc Cc 
t= (+4 @-4) + FC) cosa Gr, +) eo 3A + — c03 5A 











+ 6 : —b Cy. Cc. 
y= (4 -2@-94+ 30) saa- (FS — =) sin ga + sin 52 


The curve will be an ellipse if 





_ 35 a — b\? 
c=? Gz 


Consequently if 2’ y’ be the co-ordinates of a point whose latitude is 4 in an ellipse whose 


axes are a and J, 





a— b if TY 
‘= f{o-38 <——) a} (<5 e084 — 3 c08 3A + 3008 54) 

: a-~—b I I 
yrysa {c-3 5) 2 } (Asina + J sing a + Zein 52) 


Suppose the curve (1) to be actually described, and also on the same axes an ellipse : Let P 
be the point whose latitude is a on the ellipse, and Q the point whose latitude is ~ on the 
curve (1). The points P and Q would coincide if C were equal to #7’ a@ (putting 
n=a—b:at+t b), otherwise they depart from each other in proportion as C increases or - 
diminishes. Measure’ PS along the curve of the ellipse and SQ perpendicular to it, put 
PS = és and SQ = 47, then— 
| ts = — (x — 2’)sina + (y — y’) cosa 
r= (@ — 2’) cosa + (y — y) sin A 
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Substituting the values of « — 2’ rat y— a. in these expressions, and reducing, we get— 
ts = = ¢ : (< rs a)’ a bein 4A 


8 a 
rec am a fsint an 


which again are equivalent to the following— 


, 4A C =f ; | 
c= ) 6 A sin AA 
45 5 i 4 


2A C BP: de ce 
or = 55 eae 5s pein 2A 
This last quantity measures the protuberance of the curve (1) above the ellipse on the same 
axes In any given latitude. 


The semiaxes a and 6 in terms of uw v and = are obtained by substituting (2) in (7) ; 
thus we find— 


(8) 





@ = 20924817 — 2092-5 + 696-30 + 298-5 z fq) 
b = 20855183 — 2085-5 u — 696-3 v + 278-5 z 
petd_ = | ae Vie | 
“a—b~ (300 + re (: 50% nee 
r= 29-OT — I6v— 557-07 = ; | 
§ IID. 


Data of the Calculation, and Corrections in terms of uv z, &¢. 


J. 


The English triangulation differs essentially from the other meridian measures, first, in the 
extent of the triangulation across the meridian ; and secondly, in the great number of astrono- 
mically determined latitudes. In general it is objectionable that the triangulation for deter- 
mining the meridional distatice of two points should be oblique to the meridian, on account 
of the influence of uncertain errors in the observed azimuths upon the calculated result; but 
in the present instance the number of observed azimuths at different points, and their sufficiently 
satisfactory agreement, preclude any doubt as to the true azimuth of the whole network. 
The number of points having astronomical latitudes is so great that we may dispense with 
some of them without fear of lessening the accuracy of the final results. We shall therefore 
omit Cowhythe, Calton Hill (Royal Observatory, Edinburgh), and all the Irish points. With 
respect to the observed latitudes, we shall make use of the quantities given at page 664,—the 
influence of superincumbent masses upon the observed latitudes at certain points. There can 
be little or no doubt that the latitudés so corrected will be more probably true, or be more 
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! 


near the mean latitudes, than the direct astronomical results. -But as this point may be 
questioned, the results will be given in such a form that the influence of the calculated 
corrections upon the Figure of the Earth may be ascertained by avery short computation. 


Stations. 


Linglish Are. 


Latitudes, 


Amplitudes, 


Distances 





St. Agnes. . AG: 53°33°93 ||. . soxwastscevens ‘ O 
Goonhilly . 50 2 50°07 Oo 9g 16°14 56206°0 
Hensbarrow eet 5023 1°84 © 29 27°91 179204°1 
High Port Cliff . 50 35 46°57 0 42 12°64 256678 +4 
Week Down . . 5° 35 53°40 O 42 19°47 257399 °2 
Boniface Down: . 50 36 12°97 O 42 39°04 259360°§ 

} Dunnose 50 37 6°54 O43 32°61 264846°9 
Black Down 50 41 8°89 0 47 34°96 289839°8 
Southampton . 50 54 46°97 I I 13°04 372654°2 
Greenwich 51 28 38°30 i325" 4°37 578564.°2 
Precelly 51 56 45°18 2 3 11°25 74.9557°8 
Cambridge 52 12 51°63 2 19 17°70 84.7505°9 

} Arbury 52 13 26°59 2 19 52°6 851203 °2 
Delamere . 53 33 18°61 3 19 44°68 | 12152512 
Clifton : : 53 27 29°50 333 55°57 | 1301428°5 
South Berule . 54 8 56°40 4.15 22°47 | 1554040°0 
Burleigh Moor 54 34. 15°12 4.40 41°Ig | 1708025°3 
Durham 54 46 6°20 4 52 32°27 | 1780002°4 
Ben Lomond . 56 11 26°27 6 17 52°34 | 2299441°9 
«| Kellie Law 56 14 53°60 6 21 19°67 | 2320585°6 
Ben Heynish . 56 27 16°88 6 33 42°95 | 2396289°0 
Great Stirling. 57 27 49°12 7 34 15719 | 2764686°7 
‘Monach _ 8 2 21°31 8 27-47°38- -| 3090834°5 
| Ben Hutig. © 58 33 4°46 8.39 .30°53 «| 3162038°7 
North Rona 59 7 I5*IQ° 9 13 41°26 | 3370391°8 
Balta . . . 60 45 1°66 IO 51 27°73 «| 3966276'5 
Gerth of Scaw 60 48 56°43 TO 5§ 22°50 | 3990T03°5 

| Saxavord . 60 49 38°58 Io 56 4.°65_ 7 


3994182 





If x, be the correction to the latitude of St. Agnes, the corrections to the other points will 
be as follows :— | | 
Goonhilly +» + + + — 1-649 + 0:0554 u — 0-:0096U — O-1045 z + 2, 
Hensbarrow + + + + — 0052 + 0-1768 u — 0-0315 0 — 0-3308 z + 2, 
High Port Cliff. + + — 0:537 + 0-2532 u — 0-0460 U— O47IQ92 + 2, 
Week Down: +» + + — 0258 + 0:2539 u — 0:0462 V — O-4734 2 + 2, 
Boniface Down - + + — 0-478 + 0-2559 u — 0-:0465 v — 0-4769 2 + 2, 
0-066 + 0-2613 u — 0:0476 v — 0-4873 z + 2, 
A251 + 0:2859 U — 0:0524 V — 0-5319 z + 2, 
3:047 + 0:3676 u — 0-0688 v — 0-6822 2 + 2; 
Greenwich « ° © 2663 + 0+5707 U — O-1123 v — 1:0506 2 + %, 
Precelly - & a ee 8 292 + 0+7393 “— OlIsigvu — I+3513 2 - a 
Cambridge + + © © + 1685 + 0-8360 u — O-1751 v — 1-5212 2 + % 
Arbury «© 6 © «¢ © -+ 3-187 + 08396 u — 01759 v — 1:5273 7 + 2 


Dunnose - - - « « 
Black Down +> + «+ - 
Southampton> - + 





tee et 
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Delamere - + + + © + 0°943 + 1-1986 u — O-2715 v — 214292 + -2,- 
Clifton. © + + © + = 0266 + 31-2835 u — 00-2959 v — 2-2849 2 + 2, 
South Berule + + + + 3:319 + 11-5325 u — 0-3710v — 26905 z + 2, 


Burleigh Moor + 2°583 + 1-6845 u — 0-4198 v — 2:9320z + 2, 
Durham + 1-026 + 1-7553 u — 00-4432 v — 3-0421 2 + 2, 
Ben Lomond - + 0:670 + 2:2673 u — 0-6260 v — 3-8023 z + 2, 
Kellie Law + 1-717 + 2-2882 u — 0-6338 v — 3-8314 2 + 2, 
Ben Heynish + 4479 + 2+3628 u — 0-6625 v — 3-9358 z + 2, 
Great Stirling + 2-384 + 29-7258 u — 0-8095 v — 4-4223 2 + 2, 
Monach + 3/534 + 3-0471 U — 0-9491 v — 4:8200 2 + 2, 
Ben Hutig + 1-850 + 3-1173 u — 00-9810 v — 4:9031 2 + 2, 
North Rona - + 3:607 + 3-3295 u — 10759 v — 5:1355 2 + 2; 
Balta - + 6:203 + 3:9095 u — 1-3674 0 — 57247 2 + 2, 


Gerth of Scaw «+ +) + 6-083 + 3:9330 u — 1:3797 V — 5:7459 2 + 2, 
Saxavord - + + + + + 4-104 + 3:9370 u — 1-3819 0 — 57496 2 + 2, 





4s 

The latitudes and distances of parallels of the points in the French are will be found at 
pages 548, 549 of the Base du Systéme Métrique Décimal. We shall, however, omit the point 
Evaux, for although there is no reason to doubt the accuracy of the astronomical determination 
of the latitude, yet there is certainly a very unusual amount of local disturbance at that point, 
amounting probably to — 8” (Phil. Trans. 1856, Part II. page 625). There appears, however, 
no reason for excluding the point Barcelona from the data; the determination of the latitude 
was considered by Delambre as in itself unexceptionable, but some doubt was thrown upon it 
from its presenting a discrepancy of 3” with the transferred latitude of Mountjoy, the two 
Stations being only 1094 toises apart. The distance of the parallels of Mountjoy and Iormentera 
given in the Base du Syst. Met. is erroneous; in Number 438 of the Astronomische N::chrichten 
will be found an claborate recalculation of the distance of parallels by Bessel. 








French Are. 
Stations, Latitudes. | Amplitudes. Distances. | 

ae ee, a ae ae Toises. 
Formentera . . . 38 39 56°11 cae ae | ses 
Montjouny . . . tt AI 21 44°96 241 48°85 | 153673°61 
Barcelona. . . Ct 41 22 47°90 242 51°79 ‘ 154616°74 
Carcassonne . . «| 43 12 54°30 432 58°19 | 259172°61 
Pantheon . . 48 50 49°37 IO 10 53°26 36» 580312°41 | 
Dunkirk . . . 51 2 8°41 12 22 12°30 } 705257 °21 





The data for Barcelona are given in the second volume, of the Base du Syst. Met., pages 
565 and 615. 
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The correction to the observed latitude of Formentera being called «,, the corrections to 
the latitudes of the other points will be as follows :— 
Montjouy: - + 6 6 4 2°39I + O-Q7II u + 0-1682 v — 1-8242 z+ 2, 
Barcelona <0 ee Ms ee, Vee TSOad -}- O-9771 u -+- 0-1690 v,>— 1-8364 z+ 2, 
Carcassonne + + + + — 2-793 + 1-6375 u + 0-2312 v — 3-13402 + 2, 
Pantheons + + + «5-195 + 3-6648 u + 0-1583 v — 7-1518 z + 2, 
Dunkirk - + + +.) — 9-061 + 4-430 u + 0:0230 v — §8-6320 2 + 2, 


In obtaining these equations, the toise has been taken as equal to 6- 39454378 feet of O,. This 
quantity was obtained in the following manner: A series of 54 comparisons was made by the 


late Lieutenant Murphy, R.E., in the summer of 1834, between the Ordnance Standard O, and 


two lengths of the Royal Astronomical Society's 5-fect Brass Scale; these comparisons are 
given in detail at pages-[29] and [30] of the Account of the Measurement of the Lough Foyle 
Base. The result was— 
O, = 2A — -oo1950 inch, “ Lough Foyle Base,” p. 85; 
but O, = O, — -000034 inch, 
and A. = 59-999712 mean inches of centre yard of A, 
(Mem. R. A. Soc., vol. 9, page 100), 
whence O, = 119-997508 mean inches of centre yard of A. 


In the months of May, June, and December of the following year, Mr. Baily compared 
the métre @ ¢raits,—which had been previously compared in, 1818 by Captain Kater with Sir 
George Shuckburgh’s Scale,—with the aia Astronomical Society’s Scale. ‘The mean of 102 
comparisons gave this result— 


Standard métre =, 39-369678 mean inches of centre yard of A. 


Combining these two results we have— | 
Métre = 3-28087463 feet of O, log = 0-5159896351 
LToise = 6-39454378 fect of O, log = 0-8058095651 


5) 


It appears from later observations on the Royal Astronomical Society’s Scale that it has 
undergone an alteration in length. ‘This makes it necessary to remark that the interval between 
the two comparisons just quoted was only from one year to a year and a half; during the whole 
of this period the scale was in Mr. Baily’s hands and under examination, and had any change in 
length been going on at that time it could not have escaped his observation. 


3. 


_If we apply the corrections given at page 624 of the Philosophical Tyarisactions for 1856 
to the latitudes of Dunkirk and Greenwich, and thence deduce the distance of the parallels of - 
those points, it will be found to be about 161,142 feet, being less than Delambre’s determination 
by about 260 feet. From this it is evidently necessary that the geodetical connection of 


Greenwich and Dunkirk should be taken into consideration in the Figure of the Earth, forming 
5 3B 
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an entire arc of 22° 10’ from Formentera to Saxavord. The connection of Notre Dame, Calais, and 
Blancnez with the English triangulation is unexceptionable, and Colonel Blondel (le Directeur 
du Dépdt de la Guerre). has kindly supplied the new triangulation connecting these points and 
Dunkirk. The -data- supplied .by. him is contained in the first three columns of the following 
tables; the fourth column. contains the inferred spherical angles ; the fifth contains the 
seconds of the sexagesimal angles corresponding to the. ‘angles in the second column. The 
second part of the table contains the calculation of the direct distance of Dunkirk and Blanenez, 
the computed angles being marked with an asterisk. | | 





Cotés Inferred Seconds of 





Dunkerque, tour du pavillon . 46 7948: 


Nomis des Stations.. “angles Moyens. | on Matres, Spherical Angles. | red. Ang. Log. Sines. Log. Distances. 
: G. rT M. oO - 4. u aan li 
Watten, tour signalée . . 82 7422°4 | 27458°60] 74 28 5°26 4.°86 9°9838432 4.°4386784 
Cassel, clocher . . 70 4628°7 | 25486°52 | 63 24 Go'ro | 59°70 9° 9514754 — 4.°4063106 
a IQtIz°*42 | 42 6 55°83 | 55°44 | -9°8264804 4.°.2813156 
! €= 1°19 
| Gravelines, tour du beffroi . | 96 o4g2*t | 25486°52 | 86 26 39°73 | 39°44 | 9°9991633 4.°4063106 
Watten Ser. ee a | 51 12z19'o | 18371°83 | 46 o 35°25 | 34°96 g°8570051 | 4°2641524 
Dunkerque . . . .° + {| 52 8288°g | 18840°72 | 47 32 45°89 | 45°60 9°8679502 4°2750975 
| = 0°87" ; 
| IJondrecoutre, signal .. 61 6295°1 | 18840°72 | 55:27 59°87 | 59°61 | 99158194 4.°2750975 
Watten 2. 5°... «| 06 86 r6ro"r | 22332737 | 77 32 41°93 | 41°67 | 9°9896568 | 4°3489349 
|‘Gravelines 2... . «| 52 2094°8 | 16723°40| 46 59 a 18°72 | 9°8640464 | 4°2233245 
ge=— 0°77 


Calais, grande fléche . .. 78 2112°6 | 22332°37 | 70 23 24°78 | 24°48 


9°9740508 | 4°3489349 
j Hondrecoutre . . . . 61 1640°5 | 19431°27 | 55 2 51°82] 51°52 | 9°9136172 4.°2885013 
Gravelines . 2. . . Go 6246'9 | 19315°5I1 | 54 33 44430 | 44°00 | g*grto221 4°2859062 

| & == 0°90 
| Iiennes, signal . . Ct; 62 1836°9 | 22332°37 | 55 57 55°37) 55°16 9°9183968 4.°3489349 
HIondrecoutre . . . . IIo §938°8 | 26576°57 | 99 32 4°37 4°17 9°9939588 4.°4244.969 
Gravelines . 2. . 27 2224°3 | 11175°58 | 24 30 0°88 | 0°67 | 9°6177301 4.°0482682 


Fiennes). . 6 ees 49 9197° 19431°27 | 44 55 40°14} 39°92 





| 3 9°8489367 | 4°2885013 

Gravelines . . 2 | 33 4013°3 | 13782°78 | 30 3 40°53 |] 40°31 9°6997724. | 4°1393370 
Calais . . . . «. «| 116 6789°4 | 26575°77 | 105° o 39°99 39°77 | 9°9849213 |" 4°4244859 
} ; € = 0° i 
| : | | 
Fiennes . . . .. . II2 1042°7 | 19315°51 | 100 53 37°96 | 37°84 | 9:9921022: 4.°2859062 
Hondrecoutre . . .- «| 49 4272°7 | 1378309 | 44 29 4°48 | 4°35 | 9°8455425 | 4°1393465 
P-Calaisy a. ww we Se % 38 4684°6 | 11175°58 | 34 37 17°94 | 17°81 9° 7544662 4.°0482702 
& = 0°38 ; 
Blancnez. - . . Go 4347°4 | 19315°51-] 54 23 28°73 | 28°56 | g*gt00g69 | 4°28s5Q9062 
Hondrecontre . . . 29 5408°3 | 10632°93 | 26 35 12°46 |. 12°29 | 9'6508437 4.°0266530 ; 

Calais . - + + «© «| I10 0244°3 | 23464704 | 99 1 19°32 | IQ'I5 | 9Q 


"9945935" 4.°3704028 | 


€ = o's, 


“| Blanenez. 2. 6 ee 77 Ogos" "94 | 69 22 53°43 | 53°32 9°9712507 4°1393418 | 
|} Tiennes'. . 6 ew ee 51 3539° 10632°09 | 46 13 6°84 6°73 9°8585275 — 4°0266186 | 
| Calais) . 6 4 6 © + |. 72 5555°4 | 13280°58 | 64 23 60°06 | 59°95 | 9°9551259 | 4°1232170 — 
| t= 0°33 : | 


Ww Ww 
i 
Ww 
ba | 
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Calculation of the Distance Dunkivk— Blanenez. 
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Cotés 


Inferred 


Seconds of 
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Noms des Stations. Angles Moyens. en Métres. | Spherical Angles. | red. Ang. -Log. Sines. - Log. Distances. 
: Se ec ge ee ee se Ne tee oes Teale, Dp oe ae ee 
| 
M. z 
Hondrecoutre 25486" 52 34 34 $0°35 | so°0s | gt7s4ors2 | 474063106 
Dunkerque 16723°40 | 21 51 53°37 | 53°07 | Q°57tozgr | 472233245 | 
Watten oe a 33°17°18 | 16°88 979208320 4°5731274. | 
4 £ = 0°go = 
Hondrecoutre 18371°83 | 20 53 9°52 —-g'27 9° “3520695 4° 2641524. 
Dunkerque 22332°37 1 25 40 52°52 | 52°27 | 9°6368520 | 4°3489349 
| Gravelines - »  « | 133 25 58°71 | 58°46 | 9°8610443 4° 5731272 
€= 0°95 ; a : 
Blancncz . »— «= «© | 49 9 41°90] 41°18 | 9°8788406 |. 4°5731273 
} Dunkerque 23464°04 | 28 19 6°46 5°74 | 9°6761161 4° 3704028 
| Hondrecoutre ~ «+ « | 102 3r 13°80] 13°08 9°98954.74 4.°6838341 
# = 2°16 
Calais - «. « | 74 16 32°39 | 31°80 | 9°9834350 4°5731273 
Dunkerque . 19315°51 |- 29 47 28°04 | 27°45 9°6962139 |. 4°2859062 
Hondrecoutre ~ «© « f 75 56 1°34 | O°75 | 9°9867782 4.°5764.705 
€= 1°97 


The following table contains the triangulation from Greenwich to Blancnez, Calais, and 


Montlambert ; the second part contains the calculation of the direct anne of Blancnez from 
Greenwich :— 





Error | Seconds of 














Stations. Angles = red. Ang. Log. Sines. Log. Sides Sides in Feet. 
Wrotham . 8 sf 40's | —o'n3| 36°66 |. 98848591 | 51390655 | . 137741°70 
Fairlight . 31 56 4°44 2°54 9°7234118 4.°9776242 94978 °26 
Stede Hill 97 58 17°77 * | 16°83 | 9:9957833 5°2499957 | . 177826°17 
2°80 
é€ = 3°06 
Wrotham . . 93 16 48°50 | — 0°74) 47°77 | 9° ede 5° 1516375 141787 °35 
Crowborough ‘ 4L 58 20°52 19°78 9°8252764 | 4°9776259 94978 °63 
Stede Hill . 44. 44 53°19 52°45 | 9°8475657 | 479999152 99980°47 
2°21 : 
€ == 2°24 
‘Fairlight . 65 2 36°06 | — I'rs 34°Q! 9°9574276 | 5°1516362 141786 °93 
Crowborough 61 44 2°81 1°66 9°9448560 | 5°1390646 137741°37 
Stede Hill : 53 13 24°58 23°43 9°9036182 5°0978268 —125264°14 
3°45 f 
. € = 3°70 
1 Fairlight . : IIO 30 30°76 | — o- O° "9715637 .| 5°3286260 | .213120°90 
Crowborough 4 36 5 23°01 2 ae aceeres | 5*t272144 134.03 3°33 
Tolstord . 33 24 7°40 | | gor | 9°7407645 510978268 © | . 125264°14 
1°17 
eE= 3°70 | 


oie 
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Stations. 


Fairlight . 
Stede Hill 
Tolsford , 


Crowborough 
Stede Hill 
Tolsford , 


Fairlight . 
Tolsford . 
| Folkstone 


| Fairlight . 
Tolsford . 
| Montlambert. 


Fairlight . 
Folkstone 
Montlambert . 


Fairlight. . 
Tolsford . , 
Blanenez. . 


Fairhi cht . 
Folkstone 
Blanecnez . 


Tolsford . 
Montlambert . 
Blanenez . 


Fairlight . 
Montlambert . 
Blanecnez . 


Folkstone 
Montlambert. 
Blanenez . 


+ 


* 53 31 
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45 27 54°70 
65 24 11°67 
69 7 58°65 
5°02 

€= 3°11 


25 38 39°80 
118 37 36°25 
35 43 50°25 
6°30 

& == 3°09 


6 50 15°35 
136 51 46°63 
36 17 56°38 
— 1°64 

€ == 0°58* 


51 18 58°89 
95 48 1°68 
32 53 1°76 
2°33 

‘= 6°07 


44 28 43°54 
96 46 26°44 
38 44 52°71 


33 39 33°72 
118 34 49°06 
27 45 49°44 
at 23 

£ == 4°44 


26 49 18°37 
121 48 12°92 
31 22 31°02 
2°31 

€= 4°17 


22 46 47°38 
9°36 
4°59 
1° 33 
€ == 2°81 


103 42 


17 39 25°17 
86 24 I1l'12 
75 56 24°15 
0°44 

£ == 4°45 


25 1 46°48 
47 39 18°41 
107 18 55°17 
0°06 

&£ = 2°32 


— 2°10 


7 O° 55 


—~ 0°78 


— 0°90 


— t'07 


= O77 


— O'l5 


— 0°O2 


Seconds of 
red, Ang. 


\O 10 19 1 10 16 O 10 \1O Oo 1 oR tok te) WO 1O LO 10 Oo 1 10O 1 


oO 10 10 


Log. Sines. 


"8529792 


9 
9°9586853 
9 


"9795359 


"6362623 


"9433779 
°7663882 


°0757592 
"8348934 
°7723226 


*8924322 
9977708 
7347471 


°8454982 
*9969578 
°7964997 


"7437957 


"9435687 
"6681841 


6543819 
"9293402 
“7165362 


"5879230 
"9052861 
°9874626 


°4818970 
"9991436 
"9867905 


*6264288 
*8687052 
"9798584 


Log. Sides. 


5°0215083 
5°1272154 
5° 1390650 


"O215109 


Wilniln 


*1516368 


"1897857 


un Un fe 


*2849000 
3902378 


in ai Ut 


*2387842 
"3902438 
"1897857 


tn ini tn 


"2027355 
"4025995 
"1272149 


inin 


*1276314 


in Un ta 


°1897857 


8853604 


ni Gn 


4°8853473 
5° 4025939 
5° 3902408 


4°8853546 


5°1270310 
5°2387842 


*3286265 — 


"4306515 
"1272149 | 


"1272149 | 


"4025977 | 


*2027235 . 
*2849000 . 


Sides in Feet. 


el | REE | Senin aI | eee Ei RS Se AA NE re | tet EST Sf PPE RE TAP I 


TO5077°15 
134034" 13 
137741" 54 


105077°78 
213121 °13 


141787°14 


26955°76 
154805 °25 
13403400 


192795 °53 


_ 245605°34 


134034.°00 


173294°26 
245608 ° 75° 
154805 °25 


159490° 74 
252696°67 
134034°00 


. 134162 °60 


252695°61 
154805 °25 


76799°86 
159486° 34 


» £92795 °° 53 


. 76797°54 


25269340 


. 245607°05 


76798 °82 
134.162 °47 
173294°26 
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é Seconds of 








(') The observed value of this angle by Captain Kater is 69° 22’ 53°87. 





Stations. Angles. Fi red. Ang. Log. Sines. Log. Sides. Sides in Feet. 
| Tolsford . AY 3 44°95 + 0°43 45°38 9°81 74882 5°2387783 173291°Q! 
Montpmbert 5 51 50°95 51°38 | 970093330 | 4°4306231 26953°99 
Folkstone 133 4 22°82 |. 23°24. 9°8636099 5°2849000 192705 °53 
— 1°28 
€ = 0°80 
| Tolsford . 18 16 57°57 | + 0°85) 58°42 9°4965270 5° 1276151 134157°55 
Blancnez . 3 36 50°58 51°43 8*7996118 4.°4306999 26958°76 
Yolkstone 158 6 g*30 IO°Is 9°5716416 5°2027295 159488 ° 54 
| 2255 | 
& = 0°32 
Tolsford . 17 30 15°54 | —o'gt| 14°63 | 9°4782396 | 4°7791956 60144°46 
Montlambert 87 58 48°38 47°97 | 9°9997300 5* 3006860 199841 °65 
Fiennes . 74 39 58°30 | 57°40 | 9°9839440 5*2849000 192705 * 53 
) ge 2°72 
| Tolsford . 5 16 31°84 | — 0°24 | 31°60 8°9635224 4.°6392529 43576°56 
| Blanenez . 155 3 36°66 36°43 | 9°6249697 5 * 3007002 199848 ° 16 
| Fiennes . 19 39 52°21 51°97 | 9°5269990 5 °2027295 159488° 54 
€=0°7! : 
Montlambert 34.27 39°52 | — 0°21 | 39°31 | 9°7526967 4.°6392077 43572°02 
Blanenez . 51 21 32°07 31°86 9°8926912 4.° 7792022 60145 °37 
Fiennes . 94. 10 49°03 48°83 9°9988431 4°8853541 76798 °74 
€ = 0°62 
Tolsford . 7 32 41°70 | — 0°30] 41°40 9°1182553 4.°5425591 34878 *60 
Blanenez. . 135 33 29°47 | — 0°31 | 29°16 9°8452132 5°2695170 18G001° 75 
Calais . . 36 53 49°75 49°44 | 9°7784257 | .5°2027295 15948854 
€ == 0°92 : 
Folkstone Q 2% 21°83 | — 0°27) 21°56 | 9°2110353 4.°5426184 34883 °37 
Blanenez . 13t 56 38°89 38°42 9°8714548 5°2030379 159601 °80 
| Calais 38 41% 60,10 59°82 9°7960481 5°1276312 134162 °53 
€= 9°82 
| Blanenez (1) . 6g 22 53°43 | — ovrt | 53°32 | 9°97I12507 4°65 53325 45220°20 
| Fiennes . 46 13 6°84 6°73 | 9°8585275 4.° 5426093 34882 °64 
Calais 64. 23 60°06 59°95 | 9°9551259 4°6392077 43572 °02 
£ = 0°33 
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Calculation of the’ Distance Greenwich —Blancnez. — 








oe Stations. ~ Angles. : ee Log. Sines.” | . Log. Sides. pices in aia 
Severndroog . . [149 30 35°740|—0°044| 35°696 | 9° 7053413 4.°9440771 87917" 85. 
Wrotham «| 4 50 14°812 14°768 |} 8°9259765 4.°1647123 | 14612°09 
Greenwich x» | 25 39 9°579)- 9°536 9°6364018 4.°8751376 75013°19 
€ = 0°I31 
Epping . | 33 35 54°811) 07555] 54°256 | 9°7430143 | 4r944o770 |. 87917°83! 
Wrotham «| 33 24 11°841 11°286 | 9°7407781 4.°9418408 . | . 87466°32 
Greenwich a |II2 59 55°013 54°458 9°9640310 5°1650937 . | . 146249°27 
e = 1°665 
Wrotham 157 45 32°185| —0°464| 31°721 | 9°5780731 5°4171897 261330°24 
| Fairlight . re 7 18 57°464/ | 57°000 | 9°*1049604 4.°9440770 87917°83, 
Greenwich # | 14 55 31°743 31°279 | 9°4108791 | 5°2499957 | 177826°17. 
| ee! ae ce 
Beachy Head g | 71 22 16°870| —2°015] 14°855 9°9766277 5°4171897 261330°24 
Greenwich ~ | 20 54 18°980 16°966 | 9°5524429 4°9930049 98402°22 
Fairlight . « | 87 43 30°194 28°179 | 9°9996574 | 574402194 275582 °O4 
€ == 6°044. , a oer 
Fairlight : * 22 30°32 |—4°56 | 25°76 9°9444.164. 5*6449201 | 441489" 19 
Greenwich » | 30 14 25°09 | 20°54 | 9°7020933 §°4025970 252695 °32 
Blancnez. . «| 3% 23 18°26 13°70. 9°7166860 | §°4171897 261330°24_ 
- . s = 13°67 -- -—  s . | f 











At Greenwich the observed azimuth of Chingford is 3 59 59 58”-360. This has to be’ 
corrected the quantity y tan” = — o”-686, which gives the azimuth of. ‘Chingford finally 
359° 5957-674. From the preceding table, . : 


y; 


The angle Chingford—Greenwich—Severndroor - - + + = 106 10 3 5. 365 
*, Azimuth of Severndroog - + + + + = 106 I0 . 33-039 
The angle Severndroog—Greenwich—Wrotham + + + + = 45 39 9°579 — 
*, Azimuth of Wrotham - - - + + + = 13r 49 42-618 
The angle Wrotham—Greenwich—Fairlight + + + + + = I4 55 31+743 
’, Azimuth of Fairlight - - - - - «© = 146 45. 14-361 — 
The angle Wairlight—Greenwich—Blanonez ros ee 8 = B80 «4 «25-09 
. Azimuth of Blancnez - - = 116 30 49-27 


Taking the: latitude of- cana 5 1°28" 38430 4 1” 8645 . means*of~the distance and 
bearing of Blancnez we.find for the distance “of parallels of - 


Greenwich—Blanenez = 201693:1 feet. 


Also, the back azimuth of Greenwich at Blancnez is 297° 50’ 53.888. If from this we 
subtract the angle Greenwich—Blancnez—Fairlight, or 31° 23’ 18’. 26, we have 266° 27’ 35.628 
for the azimuth of Fairlight at Blancnez. ‘This agrees satisfactorily with’ the result of Captain 
Kater’s observations of the Pole Star at Blancnez: he obtained 266° 27’ 33-40 (Philosophical 
Transactions, 1828, page 233). 
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‘To find the azimuth of Dunkirk at Blanenez we have— — | 


The angle Calais—Blancnez—Fairlight 163 19 9°91 


“ Calais— Blancnez—Dunkirk -* = 5 13 46:83 
Azimuth of Fairlicht at Blanenez : = 266 27 35:63 
7 as Dunkirk at Blanenez - - © + + © = 75 0 3234 


~ The log. distance of Dunkirk—Blanenez is 4-6838341:. if to this we add the logarithm of 
a métre’ expressed 1 in feet, namely 0-5159896, we find 5- 19982 37 as the lop. distance of Dunkirk 
and Blancnez--in- feet. This: anne together with the above “bearing, gives the distance of 
parallels of | 7 
pigs ee, Blancnez—Dunkirk = nie fect. 


This quantity subtracted from the meridional distance of Greenwich and Blancnez gives the 


’ Distance of Parallels of Greenwich ‘and Dunkirk = 161403-4 feet. 


The quantity used by Delambre was (Base du Syst. Met., III. 192) 25241-9 toises, which 
is equivalent to 161410-5 feet of the Ordnance Standard 0,: so that the present determination 
differs seven feet from that of Delambre. By Delambre’s observations for azimuth at Watten, he 
found, after canter the azimuth geodetically to Dunkirk, that the azimuth of Watten at 
Dunkirk was 205" 19! ie 14 (III. 14); if from this we eoeee the angle Watten—Dunkirk— 
Cassel, viz. 42° 6’ 9-73 (II. 800), we get 163° 13’ 32”-41 as the azimuth of Cassel at 
Dunkirk. From the preceding table of cae we get— 


o 4 df 
28 19 - 6-46. 


aa 57 O3'S7 
42 6 55-83 


Blancnez—Dunkirk—Hondrecoutre: 
Hondrecoutre—Dunkirk—Watten -« 
Watten—Dunkirk—Cassel 


Nou tl 


Now the back azimuth of Blancnez from Dunkirk, as obtained in the same calculation 
which gave the distance of parallels above (40289-7), is found 255: 31’ 31""-98. By subtracting 
from this the sum. of the three angles specified above, namely 92° 17’ 55-66, we have 
163° 13’ 36”-32 as the aac Cassel ‘at--Dunkirk. ‘The -difference- between this and 
Delambre’s determination is only 3”-91. 

We are now able to assign an equation between the corrections to the latitudes of 
Formentera and. St. Agnes, and thus to eliminate the former quantity v,: the equation is— 


@, — @, = — 2-788 + 40415 u + O-IOIO v — 7-8692 z 


Thus the corrections to the different points of the French arc become— 


Tvormentera- - + + 3-788 — 4-0415 u ~— O-10IO Uv + 77-8692 z + 2, 
- Montjouy + + + + 5-109 —'3-0404 u + 0-0671 v + 6:o4502 + 2; 
Barcelona - + + + 1-754 — 23-0644 u + 0-0679 U + 6-0328 Z+ 2; 
Carcassonne + + — 0-005 — 2°4040 uw + O-1301 v + 4°7352 2 + 2, 
Pantheon - - + — 2°337 _ 0:39767 wu -+ 00572 v + 0-7174 zt+ vr; 
Dunkirk + + + +.0°727 + 0o-4115 u — 0:0781 v — 0-7628 z + 2, 
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where 2, is the correction to the latitude of St. Agnes. These equations are now to be 
treated in one group with those of the English Triangulation. 


° 
* 


4. 


Professor Struve of Pulkowa has kindly furnished this department with the first two 
sections of the account of the Russian “ Meridian Arc of 25° 20’,” containing the whole of the 
geodetical operations, but only part of the astronomical. The observations and calculations of 


sf 


this magnificent work have been conducted in such a systematic and masterly manner, that we 


find in connexion with every measured base-line or calculated quantity its probable error, and 
these probable errors are carried through to the final results,—the distances of the parallels, 
an advantage which no other arc possesses. The possibility of assigning the probable errors of 


the final distances arises from the nature of the triangulation, which is very simple and direct, 


and presents very few equations of condition other than those resulting from the sum of the 
three angles of the different triangles. The sum of the lengths of the ten measured bases is 
29,863 toises, or 190,960 feet, so that the average length of a base-line is 19,096 feet: in the 
British Triangulation the total length of measured base-lines is 183,001 feet, and the average 
length of a base 30,500 feet. The length of the total arc is 1753 miles, with a probable-error of 
+ 39-8 feet. 

The following table contains the data of this arc. The latitudes are not final, but the 
probable errors of the quantities stated are less than half a second. That we may have a 
correct idea of the influence of this uncertainty, suppose the prohable error due to local 
attraction to be + 1”.75, then the uncertainty of the astronomical determination, assumed 
as £ 0-50, will raise the a error of the adopted latitudes in the proportion 


1+75:V1-757 -+ 0-507 = 100: 104, 
Russian Are. 


Stations. Latitudes. Amplitudes. Distances. 





Staro-Nekrassowka . 45 20 2°83) 
Wodolui. . . .! 47 +1 25°2 4I 22°4 
Ssuprunkowzi .-. | 48 45 3°! 25 0°3 
Kremenetz . . . 50 5 50°0 45 2 : ee 
Belin. of 4. ue ai). Gar 24272 42 39°4 "521 + 2°6r1 
) Nemesch. . . «| 54 39 5°9 19 3°! "042 + 3°453 
Jacobstadt . . . | 56 30 4°8 Io 2°90 ; 
| Dorpat .« 2. . | 58 22 47°6 | 13 2 44°8 | 744764°484 + 4°177 
TIogland. . . , | 60 § IO°r | 14 45 7°3 842303 * 102 + 4°372 
Kilpi-Maki . . . | 62 38 5°09 | 17 18 2:2 988016"669 + 4°502 
Tornea - + ¢| 65 49 44°7 | 20 29 4I°Qg ai peewee: + 4°957 
Stuor-Oivi . . «| 68 40 58°4 | 23 20 55°6 | 1334032°8 27 * 5°539 
Fuglenes . «. .|[ 70 40 11°3 | 25 20 8r5 cae 783 32 6°226 





Po . 
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If x, be the correction to the latitude of Staro-Nekrassowka, the corrections to the other 
points will be as follows :— 


Wodolui + 3-883 + 0-6086 u — 002500 — I-21I4 2 + 2, 
Ssuprunkowzi + 5.686 + 1-2306 u — 00875 0 — 2-4285 2 + 2, 
Kremenetz - + 1-051 + 1-7148 u — 0-16200 — 3-3509 2 + 2, 
Belin - + 3°710 + 24163 u — 0-3094 v — 4:6269 z + 2, 
Nemesch .- + 2-188 + 3-3546 u — 0-5786 v — 6-1893 z + 2, 
Jacobstadt - + 6-989 + 4:0209 u — 0-8185 v — 77-1716 z + 2, 
‘Dorpat : + 3:534 + 4:6969 u — 11025uv — 8.04262 + 2, 
Hogland- + 4-866 + 5:3114 u — 1-3948 v — 8-7106z + a, 
Kilpi Maki - + 5:353 + 6-2290 u — 1-8895 v — 9-4695 z + 2, 
Tornea + 11-306 + 7-3799 u — 2-6029 v — 9-9857 z + 2, 
Stuor Oivi. - + 7-247 + 8-4072 u — 3-321I0 v —10-0188 z + 2, 
Fuglenees + 9497 + 9-1231 u — 3-8622v — g-8018 z + 2, | 


D. 


There is some little uncertainty relative to the unit of measure in the earlier geodetical 
operations in India. In Volume VIII. of Asiatic Researches, page 138, it is stated by Colonel 
Lambton that his Standard Chain, made by Ramsden, was measured off “ by the Standard in 
London when the temperature was 50° by Fahrenheit’s thermometer.” It is not stated whether 
the Standard was Ramsden‘s Bar or his Brass Scale: the former supposition has’ in itself the 
greater probability, as the Bar was constructed from the Brass Scale expressly for the laying off 
of the 100-feet chains used in the English Base Lines. In the Philosophical Transactions, 1823, 
page 28, Colonel Lambton states, in reference to this same Standard Chain, that it “was laid 
off from Ramsden’s Bar at the temperature of 52°.” This temperature (52°) is probably a 
mistake, as Colonel Everest, at page 51 of his first volume,* states that the chain was 
“ set off at the temperature of 50° Fahrenheit from his (Mr. Ramsden’s) Bar.” These three 
statements all differ, but upon the whole it would seem probable that the chain was measured 
from Ramsden’s Bar at the temperature of 50°, which is in fact Colonel Everest’s statement. 
But on examining the “ Reduction to the Temperature of 62°” in Colonel Lambton’s different 
bases, we find ‘that he has supposed the chain'to have been laid off from the Brass Standard 
at 50°: for if s be the mean temperature in which the base was measured, he has applied 


the correction 
B o 20 o\ ‘O12 


I0O0 Ia 





* « An Account of the Measurement of an Arc of the Meridian between the Parallels of 18° 3’ and 24° 7’, &c. By 
Captain George Everest.”—London, 1830. 
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where B is the length of the base, and -0074 and -01237 are the expansions (in inches) of 
100 feet of iron and 100 feet of brass for each degree of Fahrenheit. This correction is erroneous 
if, as seems most probable, the chain was laid off from Ramsden’s Bar; but it would scarcely 
be prudent to alter Colonel Lambton’s reductions for temperature at this distance of time; we 
shall therefore consider his first bases, as he himself has done, to be expressed in terms of 
Ramsden’s Brass Scale at 62° Fahrenheit. The northern part of his arc is in terms of his 
own Standard. | 

Now from Captain Kater’s comparison of this Standard with the ‘others mentioned, page 61 
of the Philosophical Transactions for 1821, it appears that Ramsden’s Brass Scale exceeded 
Colonel Lambton’s in the proportion of | 


36-003147 : 36-000000 = 1-0000874" 


Therefore to reduce his latter distances to the same standard as the earlier, namely Ramsden’s 
Brass Scale, they must be divided by 1-0000874. Again, the factor for reducing measures in 
terms of Ramsden’s Brass Scale at 62° to the Ordnance Standard O, (see page 212) is 
(I -0000328) (1-0000383) = I-00007TT. 


The distances in this arc are as follows :— 


Col. Lambton. Factor. Corr. 
Punne to Putchapolliam - - - + + + {| ro2groos | + -odoo7i1 + 73° | 
Putchapolliam to Dodagoontah + + + : 727334-6 + +0000711 + 517 
‘Dodagoontah to Yerracondah « - + = - 332662-3 |° + -0000711 + 23-4 
-' . Yeérracondah to Namthabad - - + - - 429134°3 — -ooco16r | — 69 
'vsNamthabad to Daumergida - - + + + +} 1073428.2 — “0000161 ae fas 
Hence in terms of O, the distances from Punnee are— 
Punnoe to Putchapolliam + + + + + + +© 10291737 = 


35 Dodagoontah - + + + + © © 1756560-0 
Y Namthabad - «© + + + + © © 25183734 
a Daumergida - + + + © « +© © 3591784:3 


A small portion of the northern part, of this are was revised by Colonel Everest, who 
found a sensible difference between the lengths of sides as determined by Colonel Lambton 
and: himself. Unfortunately, but few of Colonel Lambton’s Stations could be refound, and 
from those that were identified it- appears that Colonel Lambton’s distances were short in 
proportion of about o-99993 : 1-c0000. If we suppose this error to have accumulated 
gradually during the work, it would indicate an error of — 126 feet in the arc between 
Punne: and Daumergida. It seems more probable that the discrepancy is due to his base-line 
measures. | _— | 

The Station Takal Khera is omitted in Colonel Everest’s second volume; its meridional 
position in the new work may be found as follows :— 
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Let MN“be the points in which the meridian of Takal Khera cuts the sides Ashti-Ner 
and Ashti-Badali; then, -by Colonel Everest’s first work, putting A for Ashti, which. is the 
same as the South End of the Takal Khera base, and T for Takal Khera — 

AM 4879-4 , AN = 5972-2 
TM = 173978 , TN = 22888.0 


The points in which the meridian of Kalianpur cuts the same two sides being designated by 
M’N’, we have by Colonel Everest’s second volume*— 
AM’ = 10188:-03 AN’ = 12469-62 
AM’N’ = 70° 2/ 48” } . AN’MW — 50° “to’ 23” 


From these quantities we have MM’ =<¢ 308-6 feet, NN’ = 6497-4, and the difference of 
parallels of : 


Takal Khera and M’ = 15586-0 
Takal Khera and N’ = 27049-2 


Now by page 53 of Colonel Iverest’s work the distance Kalianpur to M’ is 1112955 -7, 
to which must be added the proportional part of the correction 11-87 at the foot of the page; 
thus we get— 

Kalianpur — M’ = 1112961-7 
Kalianpur — N’ = 1124424:8 


The first of these, with the meridional distance of Takal Khera and M’, gives the distance 
of Kalianpur and Takal Khera = 1097375-7; the second, with the meridional distance of 
Takal Khera and N’, gives 1097375 -6. | 

The measurements given by Colonel Everest in his last volume are expressed partly in 
terms of his 10-feet Standard A and his 6-inch Brass Scale A, twenty parts of any result being 
in terms of the former and one part in terms of the latter. He has also given at the end of the 
same volume the results of comparisons made between his 10-feet Standards A and. B, and also 
between the 6-inch Brass Scales A and B; and in Lieutenant-Colonel Yolland’s Account of the 
Measurement of the Lough Foyle Base we have the a of the two Indian Standards 
B with the Ordnance Standards. Let 

= a foot of the Ordnance Standard O, ten feet. - 


z 
y = ij 93 — Ogin. 81X Inch. 
xz’ = afoot of the Indian Standard A _ ten feet. 
2"! = P 5 B ten feet. 
y =. yf ye 8) CA 8X inch. 

r y= set tag *))~C BB Csix inch. 





* “ An Account of the Measurement of Two Sections of the Meridional Are of India, &c. &c. By Licut.-Colonel 
Everest, F.R.S., &c.”—-London, 1847. 
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At page [40] Appendix VI. of the Measurement of the Lough Foyle Base we find the 
result of 60 comparisons between the Ordnance 6-inch Scale and the Indian’ 6-inch Scale B, 
giving | | 

ty — dy" = + -ooo151 inch. 
And at page 101 of the same volume— 


To 2” — 10 x = — -0000721 foot. 
Ly — 42 = — -0000222 ,, 


At pages 436 and 437 of the Account of the Indian Arc— 
10 x” — 102’ = + -0000459 inch. 
47 — 47' = — -ooo1008 =z, 
Irom these equations we have the following :— 


y —y” = + -0000252 foot. 


y —x = — -0000444 ,, 
y’ —y' = — -0000168 ,, 
2’ — x = — +00000721 5, 
zx! — 2 = + -00000038 ,, 


zg’ = £ — +00000759 
y = % — -00005280 
20 x! +. yl 


= 7% — «00000 
ae 974 


Consequently, in order to reduce the Indian measures to fect of the Ordnance Standard, they 
have to be multiplied by 1 ~— 0-00000974. The actual corrections will be as follows :— 


Col. Everest. Corr. ‘Reduced to O, 











Daumergida to Takal Kheras « - + + + | rrossso-6 — 10-8 1105539°8 
»  Kalianpur - - - + « «| 2202926-2 — 21-5 | 2202904+7 


3 Kaliang + + + + © © + | 41640833 — 40:6 | 4164042-7 


In Numbers 334, 335 of the Astronomische Nachrichten will be found a discussion of the 
earlier zenith sector observations of this arc by Bessel. The latitudes he obtains, dependent 
upon assumed declinations, are— 


Punne- - + e «© « e« « 3 9 31-132 
-Putchapolliam- + + © + © IO 59 42-246 
Dodagoontah - - + * + © 12 59 52-365 
Namthabad + + * + + + I5 5 59.562 
Daumergida + + + + - + 18 93 16-245 
Takal Khera - + + +. . ar) 5 erengg 
Kalianpur - + + + « « . 24 9 11-860 


* 
eee oe he 
Sere aie oie hat nsiee aaakee Soe eee, - 


a Oe 





Ben ceegsey esas, SAAT dicen 
t 
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By eliminating the declinations of the stars, he obtains the following amplitudes :— 


° “ 
Punnee, Putchapolliam 2 50. 10-985 
Putchapolliam, Dodagoontah - 2 0 10*530 
Dodagoontah, Namthabad 2 6 04788 
Namthabad, Daumergida- - - 2 57 22-592 | 
Daumergida, Takal Khera - 3. 2% 35-950 
Takal Khera, Kalianpur 3 I 20-392 


These amplitudes do not agree precisely with the differences of the previously determined 
latitudes. Of the’ two sets of ‘results, however, the former have the greater weighé, and are 
therefore entitled to the preference. | 

The latitudes of Daumergida and Kalianpur have been redetermined by Colonel Everest 
in his later operations in India, together with that of the present northern terminus, Kaliana. 
At pages Ixx and lxxi we find the amplitudes of Daumergida and Kalianpur = 6° 3’ 55”-97, 
and of Kalianpur and Kaliana = 5° 23° 37-06. At page clxxiii the latitude of Kalianpur is 
given as 24° 7’ 11-262. 

In consequence of the small uncertainty in the absolute distances south of Daumergida, 
we shall arrange the equations in such a manner that the two portions can be separated if 
necessary. This will be effected by making Daumergida the initial point, and measuring 
southwards and northwards from that point. 


Indian Are. 


Stations. Latitudes. Amplitudes. Distances. 


< a a aS po Feet. 
Punne. .. . 8 9 31° , 35917843 
Putchapolliam . . |} 10 59 42° '— 2562610°6 


Dodagoontah . .}| 12 59 52° : 1835224 °3 | 
Namthabad. . .{| 5 § 53° | 

Daumergida . . 18 3 °15° 

Takal Khera . . {| 21 5 51° : 1105539°8 | 
Kalianpur . . «| 24 #7 11° ) 2202904°7 | 
Kaliana . . . {| 29 30 48° Il 27 33°030 | «= 416 4042°7 





i 


If x, be the correction to the latitude of Daumergida, the corrections: to the other latitudes 
will be as follows :— | 


Punna + + + + + - 0-402 — 35622 u — 3°1942 U — 4ea775 2 4+ 2, 
Putchapolliam + - - — 0-629 — 2+5413 U — 2-2256 0 — 2.6704 2 + 2, 
Dodagoontah + + - + 4:538 — 18198 u — 1-5641 0 — 1-7017 z + 2, 
Namthabad + + + + — 1-506 — 31-0643 u — 0-8943 v — 0-8574.2 4+ Z; 
Takal Khera - - + + + 2-168 + 1-0958 u + 0:8525 v 4-0-4451 Z + 2; 
Kalianpur + + + +) = 4:063 + 92-1831 uw + -1-6212'0 + 0-4285 2 + &, 
Kaliang - + + + +) + 0-365 + 41951 u + .9-7741 0 ~ 072132 + 2, 
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Of Colonel Lambton’s first arc in Southern India the particulars will be found in the 
eighth volume of the Asiatic Researches. The data are as follows :— 


‘Indian Arce. 





tations. Latitudes. Amplitude. Distance. 


: a ae Feet. 
Trivandeporum . .{ II 44 52°590 


Pandree . a ee | 13 19 497018 1 34. 56°428 574327°9 





If x, be:the correction. to the latitude of. Trivandeporum, that to Paudree will be— 
ha ihe Paudree +) + + + + + 0-197 + 0°5697 u + 00-5182 v + 0-7329 c+ Xi 


6. 


| The account of the Prussian Arc by Bessel will be found in the work entitled Gradmessung 
in Ostpreussen, §c.— Berlin, 1838. ‘The latitudes of the three Astronomical Stations are eae 
deduced at page 419, and the distances of the parallels at page 448. | 


Prussian Are. 





Station, - ° Latitudes. ~ | Amplitudes. ‘Distances. 
_— ~ Poises. ae 
° d di o / di ( row 
}Trunz. 2. . - «| 54 13 11°466 ae an 


Kinigsberg - . «| 54 42 50°500 © 29 39°034. 28211°629 
|Memel. ... . «| 55.43 40°446 | 1 30 paces 86176°975 


If x, be the ence ion to the observed latitude of Trung; the ‘corrections for the other 
points will be— | 
Kénigsberg a aa oe 0-671 -- 00-1778 u“— 0:0576 v— 00-2804 2 + 2, 

Memel rr 2,865 + 05432 u — 0-1849 v — 0-8312, z+ 2x, 

The astronomical observations for the determination of the latitudes of the extreme points 
of the Peruvian arc have been recomputed by Delambre’ (Base du Syst. Met., III. pages 
112—133), and also by the Baron Von Zach (Aon ile 4» XXVIL "page 52). * The amplitudes 
assigned by these differ by o”.67; the mean value is 3° 7’ 3”. -455. The latitudes found by 
Delambre are— | : 





; ° “u . 
TLarqui e « . e * ° ° 3 4. 3 Ie go S, 
Cotchesqui o 2 


. 7 i 
* 4 - 
cae te get aA AMM gg te tn, eee ate ae ee ee 
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The difference of these differs by 0.335 from the mean amplitude just stated: by adding 
o”’- 168 to the latitude of Tarqui and 0.167 to that of Cotchesqui, we get for the latitude of 
Tarqui 3° 4’ 32-068, and for that of Cotchesqui 0° 2’ 31-387: these are the values used by 
Bessel. ‘The mean of the two values of the distance of parallels assigned by Delambre and 
Von Zach is 176875-5 toises. The determinations in this arc cannot be considered as very 


accurate, which is much to be regretted, as the position of the measurement on the surface of 
the earth otherwise renders it most valuable. 


The data for the Hanoverian and Danish ares are taken from the Astronomische Nach- 
richten, Number 333. | 


% 
Peruvian Are. 


Stations. Latitudes. Amplitude. Distance. 





; e : Toises. 


Tarqui a a = 4 32°068 
Cotchesqui . . . O 2 31°387 


3° 7 «+3°455 | + 176875°5 





If «, be the correction to the latitude of Tarqui, that of Cotchesqui will be— 
Cotchesqui + + + + + 0-262 + 1-1223 wu + 1-1258 0 + 92-2388 2 + 2% 


Hlanoverian Are. 


Stations. ‘|. Latitudes. Amplitude. - Distance. 


T'oises. 


Gottingen, . . . 51 31 47°85 





Altont . 2... - | . 53 32 45°27 2 0 57°42 | 115163°725 


If x, be the correction to the latitude of Gottingen, that of Altona will be— 
Altona. - - 2 bt 4436 + 0-7262 wu — 0-1885 v. — 1-2524 2 + 2, 


Danish Are. 





. Stations. ‘ Latitudes. ‘| Amplitude, 1 - Distance. 





a ae Toises. 


Lauenburg . . . | 53 22 17046 


Lysabbell. , 54 54 10°352 1 31 537306 | 87436-5538 | 


If x, be the correction to the latitude of Lauenburg, that of Lysabbell will be— 


Liysabbell- - © + + — 16310 + O-5512 u — 01726 v — 0-8840 2 + 2 


By making the sums of the squares of the 66 corrections a 


Determination of uv z, 4, +> 


tions are arrived at— 


§ IV. 


PRINCIPAL TRIANGULATION. 


° U5 &c. 


45°5355 2 


minimum, the following equa- 





O= + 64:389 +34:00002, + 30-7150u — 12-48840 — | 
O= + 65:310 +13-000027, + 544933 u — 16-1539 v — 81-0076z ; 
O= + 1-275 + 8.cocor, — 1-5836u — 26304 — 9+35472 : 
O= + O1907 + 200002, + 0:5697U + O-51820 + 0-73292 Z 
O= + 2194 + 30000 7, + O-72IO0uU — O84250 — TdIII62 
O= + 0262 + 200002, + 1223 u + 12580 + 223882 | 
O= + 4:436 + 2:0cOo0oz, + 0-7262u — 0-1885 v — = 1+9524 z 7 
O= — 1-310 + 2-0000% + O-5512% — O-17260 — 088402 
Oo = +460-6524 +], (2, 2,+++) +539-9160 u —1II-2099 v — 694-3329 z | | 
O = —172-7428 +1, (4,2,---) —111-2099 u + 83-1016 v + 229-4756 z ar 
o = —668-9672 +1", (=, X,+°*) —694:3329 U +229-4756 v0 +1134:0821 z | 


In which the values of F, I, I’, are— 


Py = + 30-7150 2, + 54-4933 t, — 1:5836 2, + 0-5697 =, | 
+ O-72I0 Fe + 11223 re + 00-7262 2, + 0-5512 Ze 
- BP, = — 12-4884 2, — 16-1539 2, — 2-6304 2, + 0-5182 x, 
— 02495 2, + 11-1258 r — 0-1885 x, — 0-1726 2 
By = — 45-5355 t1 — 81-0076 x, — 9+3547 t, + 0-7329 =, 


I-I1I6 rt, + 62-2388 x — 1-2524 2, — 0-8840 zr 


, 


- From the first eight ‘equations obtain the eight quantities x in terms of wu v z; substitute 
these values in F, F, F,, and we have finally— __ 
O = +126-9908 + 282-0495 u — 33-3400 v — 315-9814 2 
O = — 67-2347 — 33-3400 u + 56-7563 V + 107-2795 z (w) 
—171-6256 — 315-9814 &u +107+2795 v + 553-0100 2 





which is the final equation for the determination of uv and z. For convenience of future i 
reference the details of the multiplications for the different arcs are contained in the following | 
table : — : 
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If we write P Q R for the three absolute terms of the equations (w), and then ‘express’ 
wv zin terms of P Q R, the result is— 


Oo = u + 0125381 P — -0097521 Q + -cogos59 R 
Oo =v — -0097521 P + -0354054 Q — -o124405 R  @’) 
Oo =z + -0090559 P — -o124405 Q + -0093960 R 
~The weight of aw +- Bu + yz is the reciprocal of 
+ -012538 a? + -035405 B? + +009396 7? 
— 019504 48 + 018112 ay — -024881 By 


The numerical values of uv z are— 


u = — 0:6937 
v = + 1-4838 
z= 0:37.39 


Suppose that the correction to the latitude of the r Station in the m™ arc is represented 
by . 3 : 
[n+ r] + Gy, U + Bay V + Cy, 2 + 2, 


When 7 desionates the point taken as initial, this all vanishes except x,: in general, for the - 
initial point r = 1, but in the Anglo-Gallic arc r= 7 (St. Agnes): in the Indian r = 5 
(Daumergida). - So that in general [7-1] = 0, but in the first and third arcs [1-7] = o-and 


[3:5] =o. 


The following expression is the value of aw -++ Av - yz in terms of the observed 
latitudes :-— 


Anglo-Gallic .....ccceres * 4+ (— *018796a + *0569108 — *038431 ¥) [1-1] 
+ (— °012812 a + °037731B — *027992 7) [1-2] 
+ (— *012769a@ + 0376098 — *027922 7) [1°3]. 
+ (— *o08691 a + *025705B — °020936 y) [1°4] 
+ (+ *001564.a — *001927 8 "002451 ¥) [1-5 | 


°002636 y) [1°6] 
°000167 ) [1-7] 

000527 7) [1°8] 

"001282 y) [1°9 | 

001735 7) [1°10] 
"OO1741 y) [1°11] 
“001752 ¥): [1°12] 
“001787 7) [1°23] 
"001923 y) [1°14] 
"002392 7) [1°15]. 
"003473 y) [1-16] 
"004285 y) [1-17] . 
0047117) [re r8] oe eee 


° + (+ 10037674 — °007865 p 
+ (+ °002780a2 — *005153 8 

+ (+ °002938 a —* ‘005573 B 

+ (+ °003252a — ‘006429 8 

+ (+ 10034304 — *0069268 

+ (+> *003433 2 — *006931 B 

+ (+ *003437% — 7006944 8 

+ (+ *003453.% — *006982 p 

+ (+ 003501 a@ —~ *°007127 B 

+ (+ °003678a — ‘oo7619 B 

+ (+ °004044a — *008682 B 

+ (++ °004272 2 — *009394 8 

a ae + (+. 004367.a,. — *009725.8 


tet eppeeetttse i 
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“Anglo- Gallic—(continued) Ba (4b 004369 a — *009738 8 
| + (+ ‘o04510a@ — ‘0105108 
+ (+ ‘004494 — *010585 B 

+ (+ 004313 a — *010544 8 

+ (+ ‘004118a —~ *010338 8 

+ (+ *0039992 — ‘oror89 B 

+ (+ *002681a — °008181 B 

+ (+ *002607a — *008063 p 
+ (+ °002337a — °007618 8 . 

: + (+ °000758a — *004926 8 

4+- (— ‘001031 a2 — ‘001798 B 

+ (— ‘0014692 —. *ooIol7 Bp 

+b (— 1002863 a + *001453 8 

+ (— °007730a + *or0168 B 

+ (— °007952¢ -+ ‘010569 p 
oo oo + (— *007990@ + *o10640 B- 
Russiah v.eveserssersere * + (+ 1008244 2 — 007353 8 
+ (+ ‘OII340a@ — *°015603 B 

+ (4 ‘013954 — 022466 & 

+ (+ ‘OI5sioa@ — °026581 B- 

+ (+ °016832a — °030395 6 

+ (+ ‘ol659la — ‘OZLI5TB. 

+: (+ *014793 2 — *028379 8 

+ (+ °011436a —~ *022568 B 

: + (+ ‘006930@ — +014536 8. 

-+$+-(— °002527a -+ *0024868- 

+ (= 1019239 @ ++ 1032546 B” 

+ (= °038823.@ + 067578 8. 

oe - + + eh (— to55o4z2 a + *096420 8 - 

Indian, IZ, secsccouse sooee © + (+ 1042385 a + *629975 8 
a (0244797 +b 025630 B - 

+ (+ ‘o1z310ga@ + ‘0212978 - 

+ (+ 1002523 @ + 7015454 B 

+ (— "0098652 + *004836 8. 

-+ (— ‘019321 a — ‘009123 B 

“4 (— 1025307 2 — °025942 f° 

| 7  . ob (= 80280002 — 062127 8. 
Indian, Iyscecccrecetessee *+- (+ 1004363 a + °001837 8 - 
ee + (— 1004363 @ — *001837 2’ 
Prussiancesscvorseee * (+ 70004462 — *000596 8. 
re. : ae +-(+ "0001904 a — *0003ZII B- 

Oo + (— *000640a + *000gey B 
POrUuvian ceccerereeveyerees © + (+ "011683 @ + 000531 B . 
| + (— °011683 a =— ‘000531 8; 
TTAnoverian.erecessrsceess * +'(— "000199 a -f *000Q912 B 
| 5 (+f 1000199 a ~=— ‘000912 B 
Danish..cr.ccvee ere *. + (++ *000294 a — ‘000244 8 
“tt ts he (a 2000294 a + *000244 8 
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"004.725 y) [1°19] 
‘906069 vy) [1°20] 
"006331 y) [1-21] 
"006953 y) [1°22] 
007238 y) [1°23] 
"007341 y) [1°24] 


"007573 y) [1°25], 


*007560 y) [1°26] 
"007508 y) [1°27] 
*006963 vy) [1°28] 
"006054 7) [1°29] 
"005802 v) [1°30] 
"004947 y) [1-31] 


“oors4r y) [1°32] 


"001374 y) [1°33] 
"001345 y) [1°34] 
"005131 y) [2°r] 
"000429 y) [2°2] 
"005455 7) [2°3] 
“008810 y) [2:4] 
"012613 y) [2°5] 
"015447 7) [2°6] 
"015658 y) [2°7] 
"014187 y) [2-8] 


. 1011263 7) [2"9] 


"003929 ¥) [2°10] 
"010518 y) [2°11] 
"028444 y) [2-12] 
"043699 y) [2°13] 


"024024 y) [3-1] 
"011728 ¥) [3°2 | 
"004.322 ¥) [3°3] 
"002120 ¥) [3°4] 
008689 y) [3°5] 
*012189 ) [3°6| 
*012317 ¥) [3°7] 
"004.757 ¥) [3°8] 
"002799 y) [4°r] 
"002799 y) [4°] 
000299 ¥) [5°r] 
"000008 y) [52] 
‘ooo2zg1 y) [5-3] 


008597 7) [6-1] 


"008597 y) [6-2]. 
-001423 y) [7°] 


001423 y) [7°2] 
‘000584. 7) [8°1] 
000584 y) [8-2] 
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By inspection of this formula we see at a glance the influence.of each observed latitude 
upon the final result. The points which have the greatest influence are the extremities of the 
Indian arc, the south point of the Anglo-Gallic, and the north point of the Russian are. An 
error of a second at’Formentera would affect the major, semiaxis by 69 feet, and the minor by 
only 11; an error at Saxavord of the same amount would affect the AXes by smaller quantities, 
viz. 25 and g feet; at Fuglences:an error of one second affects the semiaxis major by 170 feet, 
and the minor by 35; at Punno’an error of a second affects the major semiaxis by 60 fect, and 
the minor by 102; at Kaliana the same amount of error would affect the axes by 14 and 100 
feet respectively. ‘The small arcs have very little influence at all. 


Corrections to the Latitudes. 


By substituting the values of uv and z which we have found in the expressions for the 
corrections to the different latitudes, we get the results given in the following table : — 


‘ . at ae ‘ 











. * 








Stations, | Correction _ _, Stations. Correction. 
Formentera ... . . | -}- 1° Staro-Nekrassowka . . — 2°602 
Montjouy . ; ’ | + 3° Wodolui a ee ++ 1°274 
Barcelonn. . . so ceo Ssuprunkowzi . . «| + 37008 
Carcassonne i ~ | — .° Kremenetz a a — 1°728 
Pantheon , : P — 3° Belin ae ee + 0°703 
Dunkirk . . . : | — o° Nemesch . os a 1°286 
| , Jacobstadt . ew eGo 35065 
St. Agnes. ‘ | — I° Dorpat . . . + > — 0°955 
| Goonhilly . oi = 2° Hogland . 5 4 | — 0°233 
Hensbarrow : ie & Kilpi-Maki » » | = 07833 
High Port Cliff. . | ee a Tornen. . as + 3°456 

1 Week Down . ae Stuor-Oivi » » | — 2°369 
Boniface Down. ee a Fuglenes . ~ «| — I*500 
Dunnose i. 4 ~tom— fr | 
Black Down . . ‘ + 2° Punne . . ‘ <2 — 0°513 
| Southampton. . + 1° Putchapolliam » «+ | om 1476 
Greenwich ; ft Dodagoontah . go + 3°870 
Precelly : -| + 0° Namthabad - « » | == 2°020 
Cambridge ; - | +o Daumergida : » | = 0246 
Arbury : . | + r6gz | Takal Khera. . . | + 2°260 
Delamere . : . | —-o1713 | Kalianpur. ; » | — 3°578 
Clifton : — 1°964 | Kaliana ‘ ~{ + 1°643 
} South Berule. . : + 1°488 
Burleigh Moor, . | + 0°665 ‘| Trivandeporum . . . | — 0°148 
|Durham . . . | —0'935 | Paudree ... . . «| FF O°T48. 
Ben Lomond. . ~ | — 11633 | 
Kellie Law : | — o'Gor | Trunz. . . » | — 0°583 
Ben Heynish . ' ++ 2°106 | Kénigsberg : ‘ — 1°358 
Great Stirling , .: —0°277 | Memel. . - - : + 1°941 
Monach Z + o°5gt |... .. 
Ben Hutig ; is ee rers8 | Tarqui . . . . — o'558_ 
North Rona | + 07403: Cotchesqui oe ew we | Uf NTSB 
Balta . : . i + 2°380 
Gerth of Scaw 2 + 2°233 Gittingen . es oe est ee ODO 
| Saxavord . - fe 0°249 Altona. . «| tt 2°060 
‘| Lauenburg . .* «0. + |. +..6:8091 
Lysabbel . «© «© + « | = 0°809 
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The sum. of the squares of these 66.corrections is 208 - 486 ; consequently the probable elror 
of a latitude is 





+6745 ke ad lis a = + 1/313 


This, however, is not to be taken as the probable error of an observed. latitude, as some of 
the points in the English arc have received corrections for the. apparent effects of the irregular 
distribution of attractive matter, in their vicinity... . The corrections to the actually observed 
latitudes at these points are as follows :— 


High Port Cliff + + + 1-463 | Dunnose - + + + — 1-767 | KellieLaw + + +» +» 4 r-4yg 
Week Down + + + + 0-431 Clifton’ + + « + — 2-864 | DMonach’s «+ «© «© «© + po6r 
Boniface Down... + + :0-651 Burleigh © +» + » = 3-885 Ben Hutig + +.» + — 3-168 

The sum of the squares of these nine quantitiés is 42-5173; and the sum of the’ squares of 
the corresponding quantities in the table is 16-7232. Hence the sum of the squares of the 
corrections to the 66 observed latitudes is 208-486 + 42-517 — 16-723, and the probable 
error of an observed latitude, in consequence, 


Values of the Axes, §c. 
Substituting the values of w v z in the expressions for a and b, we have— 
_& = 20927197 
| b= 20855493 | 
a : b= 2091-86 : 290-86 


With respect to the weights of the determinations— 
a involves: +++ — 20925 u + 696-3 v + as Bz 


b involves + ++ » — 2085-5 u — 696-3 v + 278+5 z 
= OG Wid So 4a eee ms 3 ee | | 
a: b involves 6v + 25” a 350 J 


From these we easily find— 


Probable error of a = = 2092+5 (.01960) 1°313-= + 385 feet. 


+ : a ee 
2085+5 (-00883 ) 1*313 = a 2549 feet. 


oe 


» » bs 
In estimating the probable éiror of the denominator (291. -86) of the fraction representing 


the compression, we may neglect the small pans due to the quantity. z, then— 


Probable error of 291-86 = =" ©: — = v ) (03548) 1-313 139 


766 PRINCIPAL ‘TRIANGULATION. 
* The quantity Sr by which the ctitve ig mioré protuberant than an ellipse’ of the same 
axes 1s— | | 


orm (277-5 + 70:9) sin? 2A 


This just quantity iS remarkably well dernuiied: and siowe. decisively that the ficure of 
the earth does not differ sensibly from the exact elliptic form.. 
For the radius of curvature of the meridian, and the length of an arc, of f amplitude >; we 
have— 
,@ = 20891449 — 107557 COS 2A + 1562.C08 4A ° 
,5 = 20891449 ¢ — 107557 sin} cos 2A +. Gee sin 2 > cos 4n 


The meridional quadrant = = (364624-58 £ 5- 36) x 90 = = pebi6ita Bae acces conse- 
aed the métre = * 39° 3794544 +. — noe is o4 
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Determination of the Ellipse most nearly representing the Observations. 


ee eee an ellipse if 6 AC —5 B?=o; 


that is, if neglecting the square of », - 


a | Ge ee a De 
saa 96 ~ 480 


Sm ee 


If we substitute this value of z in the expressions for the corrections to the latitudes of the 
different points, they become, on the elliptic hypothesis, as follows :— 


Formentera .....00 es ewocens + 2° 378 — 4° 0415 uw — OT1I7FS vy + 2, 
Montjouy evecccccecncccesecces “TF 4° 794 — 3° 0704 “boy 0°0545 y+ "ZL : 
Barcelona .,.cceporcesovssesese + 1°440 .— 3°0644u + 0°0553 v + 2, 
Carcassonne .........sceceeeee — 0°252 — 2°*4040u -++ O'1202 uv + 2, 
Pantheon eo eeccceve saveiectess — 2 374. = 0°3767 u + O°O0557 v0 + 2, 
Dunkirk ..2..ccscecsecegevses tr 01767. + -O'4TI§ uu — 010765 0.4 x, 
Ste AQNGS icc vecceeseiases eases °° °° O° + 2; 
Goonhilly ............ serereeee = 1°O44 + 0°0554.%  — 0°0094 Uh. By. 
Hensbarrow SSoecetwewse avenue — 0°035 + 0°1768 u — 0°0308 v + 2, 
High Port Cliffzs «3.3 Seance ay ee O°5I2z > 2092532: = O°O450U + 2, 
Week Down ...escsesene sesee = 0°233 + 0°2539% — O'0452 0 + a, 
Boniface Down,,, oseene. sien 0°453 . 7052559. -— o°0455 v + a, 
Dunnose ...... tasceseeensee fF O7OQI + 0°2613 u — or0466v + a, 
_... . » Blackdown. sesstasseegeregeee ch 42279 072859 uw — Of05IZ.u tam 
Southampton. pa ete ee, + 3°083) + O° 3676 u .— o-06740 + a | ; 
"9 Greenwich oe. ueeeeeese F-29718 flotssogu — ortory +m 2 
|, Precelly esses oe + 2°262 +0; 7393 ¥. — 9° 1486 v + tye: 


“Cambridge — cleats + 1°764 + /0°8360u — O'I7IQv + 2, 
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Fuglenees “wu... cccsseeseee Pp IO'OOS | 
PUNO acess veseees oseseeasen 
- Putchapolliam 
Dodagoontah........ iacaneeses 
Namthabad ......c0006 
Daumergida .....000 teecceses 
Takal Khera,....s.scccscseoes 
Kalianpur .....000 soccceccvees 
- Kaliana........ Seen qupsceate 
Trivandeporum 


. ‘Trunz - POs etooasececes 
KGnigsberg. ...ecccssseseeoes 
Memel @eeeeee Pesvieawee 


Cotchesqui .........0. 
GBttingen ......cccscceccooveee” 
* -Altona  cccose o 
Lauenburg ..... tv eevecececne 
Lysabbel ccvcscssseivestarcees = 


*ECAEDULY cicdenncscesseavesveess » + 31267 
Delamere ........ceere. + 1°055 
OUEON: caressa stovoueiasete: — 0°147 
South Berule : pheaes + 3°459 
Burleigh Moor ............... +- 2°736 
ADUPDGUN si covcacevedseseesced: + 17184 
Ben Lomond........., : + 0°868 
Kellie Law ......sseeee esoses fF IOI 
Ben Heynish........... + 4°684 
Great Stirling .........00. woe + 2 °614 
Monaclht ....ssccccecceees + 3°785 
Ben TW g secicdssccesasvesnass + 2°105 
North Rona ......c.ccceeceees + 3°874 
BAC snes sesvaviecesscctoes eosee + 6° 501 
Gerth of Scaw’...... sevsueas ~ + 6°382 
SAXAVOT “sicccesccsssevecssess ft 4.7403 
Staro-Nekrassowka .....e00 OX. 
Wodolui .......... ae + 3°946 
Ssuprunkowzi | + 5°813 

| Kremenetz,....ccccocssccsese o + 1°226 
Belin ....seeee wegeesesiees seaeee + 3°951: 
Nemesch ......sseceee + 2°510 
Jacobstadt itawomsceeiies « + 7°363 
Dorpat ........ Sawhedicessiness + 3°953 
Hogland........ccsseee «7 + 5°320 
Kilpi Maki .. + 5°846 
Tornea ...... saeetdtessegessen =P Ea O20 
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— r°461 
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+ 0°8396 w 
+ 1°1986 u 
++ 1°2835 u 
+ 15325 u 


+ 1°6845 


+ 1°7553 2 


fb 2°2673 


-+- 2°2882 2 
+ 2°3628 2 
+ 2°7258 u 
+ 3°0471 u 
+ 3°1173 w 
+ 3°3225 u 
+ 3°9095 % 


+ 3°9330u 


+ 3°9370 


0 


+ 0°6086 u 


+ 1°2306 u 
+ r'7148 u 
+ 2°4163 u 
+ 373546 & 


_ of 4°0209 u- 


+ 4°6969 % 


SoBe 34 a. 
62900 


+ 773799 % 


“+ 84072 wu 


+ 91231 u 
— 3°5622 u 
— 2°5413 u 
—--1°8198 u 
— 1°0643 z 
i O° 
+. 170958 u 
+ 2°1831 u 
+ 4°1251 t 
O° | 
+ 0°5697 
o° 


fF 0°1778 u 


+ 0°5432 

o° | 
4 1°%223 
a 


"+ 0°7262 u 


O° . 


-oop 'O°5512 &u 


= 0°1708 v 


— O'1727 y 


— 0°2670 » 
— o°2giiu 
— 0°3654 0 
—— 0°41370 
— 0'4369 v 
— o618rv 
— 0°6258 v 
— 016543 & 


= 0°8003 v ° 


— 019391 » 
— 0'9708 v 
— 170652 uv 
— 1°3555 ¥ 
— 1°3677 v 
— 1°3699 v 
eee 
— 0°0225 v 
— 0°0824 v 
— Or 1550 v 
— 0°2998 v 
— 0°5657 0 
— 0°8036 v 
_ 1.0857 v 


sees" 9 7070 
= 128698 v 
_ 2° 5821 v 


— 3°3001 v 


= 3°8418'o 


— 3°1853 v 
— 2°2200 v 
— 1°56060 
— 0°8925 v 
Q° 
+. 0°8516 v 
+ 1°6203 v 
+ 2°7756 v 
OF. 

+ o°5167 v 
O*. . ; 
— 0'O570V 
—~ 0°1832 0 

O° 

+ i'r2try 
fa 

— o'1859 v 

O° 
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768 PRINCIPAL TRIANGULATION. 


The following table contains the results of the multiplications for the different arcs in 


order to render the sum of the squares of these corrections a minimum :— 











Ares. (ma) (mb) a?) (ab) (03) 

1 Anglo-Gallic +118°9207 — 45°3653 +155 °0671 — 35°5339 + 11°1906 
Russian . -+- 386° 3623 —126°4488 335°5318 —112°1421 39°9745 
Indian, I. . — 12°7516 | — 10°4936 46°5750 | + 36°6984 29° 3612 
| Indian, I. + 0°0906 + 0°0822 O° 324 + 0°2944 0°2670 
Prussian + 1°'4630 — 0°4953 0° 3267 — o*1096 0°0368 
Peruvian Eee, oe) eo ES OPT O29 + 0°1626 1°2596 + 1°2582 1°2569 
IIanoverian . . .. . + 3°2686 | — 0°8367 0°5274. — 0'1350 0°0346 
}Danish , 2. 1. 1. 1 ee | w= =—0°6967 + o°2159 . .. 0°3038 — O0°OO4I 0°0292 








+496°8196 | —183-1790 | -++539°g160 | —109°7637 + 82°1508 











s 4 @ «5 ef « 
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Aves. _ © _ m) @) @ — @)) 
zt z t z 
Anglo-Gallic “2 — 60°3098 + 24.°3352 — 27°7474 + 11°1962 — 4°5197 
Russian . . 2 2. «© —291°4511 + 85°*4950 —228°424 _ + 67°0066 — 19° 
Indian, I. . os 6 «© « | + 073492 + 0°5757 —- -0°3135 — 0°5168 — o° 
Indian, I. — 0'0453 — O°o4ri — 0'1623 — O°1472 — o° i 
Prussian — 0°5412 + 0°1803 — 0°1733 + 0°0577 =. 19” i 
Peruvian : , — o°o814 — 0°0813 —° “0°6298 — o'6291 — o° 
} Hanoverian . — 1°6343 + 0'4183 — 0°2637 + 0'0675 oe 
Danish. . . + 0°3483 — 0°1079 — O'r5ig + 0°0471 pe for 
+ ! 
t 


Se ae 





ee a ee =, 
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From this it appears that the final equation for the dctermination of u and v is the 


following :— 


oO 
.e) 








+ Pree + 282-0495 u —~ 39-6817 v 
= — 72-4048 — 32-6817 u + (56-3121 v 





Ares. : MA MB | ; Aa AB B:3 

Soe 0 ee ee! SONA a ee Ae een Mee ene eee eT 
Anglo-Gallic + 586109 | — 210301 4+-127°3197 | — 24°3377 | + 6'6729 
Russian . + 94°9T12 — 40°9538 _ 107°1072 — 45°1355 20°3186 
Indian, IT. . — 12°4024 | ° —~— 9°9179 46°2615 + 36°1816 28*509Q1 
Indian, I. + 0°0453 + O°O4Il "0°1623 | + o'i472 0°1335 
posien + 079218 | — 073150 01534 | = 0*0519 0°01 76 2 
Peruvian + 00813 | + 0°0813 0°6298 | + 0°6291 0°6285 : 
Hanoverian " + 1°63 43 — o°4184 0°2637 —  0°0675 0'0173 i] 
Danish . — 073484 + o*1080 O° IST pa a 2 0°0146 
a Sr GCS 
tees aeee — 72°4048 -+282°0495..| — 32°6817 + 56°3121 i 
| 
i 


If we write P Q for the absolute terms of this equation,.it becomes by transformation— 
‘omu + -co38011 P + .0022060 Q - 
Os U + +0022060 P +4 so190385 Q © 
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Whence it follows that the weight of the determination of aw + fv is the reciprocal of 


-003801 a? + 004412 a8 + 019038 p? 


The actual values of uw and v are— 


= 


— 0-3856 


v + 1:0420 


We may, as in the preceding Section, obtain an expression for the value of aw -+ gv in 
terms of the observations. Adopting the same notation, the value will be as follows :— 


"014163 8) [2-1] 


sE 


Anglo-Gallic®4- (+ *o18251 a + ‘006206 f) [1-1] Russian... * -+- (+ ‘O13221a — 

+ (+ ‘o14180e -+ ‘000789 f) [1-2] + (+ ‘o10957a@ — ‘015077 8) [2-2] 
+ (+ *o14156a + *000760 £) [1°3] + (+ *008725a@ —. *015309 8) [2:3] 
+ (+ ‘oIrgoza — *001932 f) [1-4] + (+ *007045 a — 014995 8) [2-4] 
+ (+ 1003939 a@ — *005176 ) [1-5] + (+ ‘004698 2 — *013786 f) [2-5] 
4+ (+ 1001234 @ — *004398 4) [1-6] + (4 ‘001718 a — *010793 A) [2-6] 
+ (+ *002630a@ — *004947 B) [1°7] + (— ‘000290a — *007734. 8) [2°7] 
+ (+ *°002440a — *004890 8) [1-8] + (— °002237a@ — *003854 6) [2-8] 
+ (+ '002026a@ — ‘004751 8) [1'9] “+ (— °003931 a + *000330 ) [2-9] 
+ (+ °001767 a — ‘004649 f) [1°10] + (— *006331 a + *007694 8) [2-10] 
+ (+ *001764a@ — ‘004647 8) [1-11] + (— *009135a@ + *018716 8) [2-11] 
+ (+ °001757a@ — *004645 A) [1°12] + (— ‘or1i456a@ + *o30I19 8) [2°12] 
+ (+ *'001739 a — °004636 8) [1°13] + (— ‘012982 a + *038853 8) [2°13] 
+ (+ 1001656 —~ ‘oo46or f) [1°14] | Indian, ID. * + (+ sorgagsa + *061851 8) [3:3] 
+ (+ *001381 a — *004475 f) [1°35] + (+ *013085a@ + ‘o4r2ar f) [3-2] 
+ (+ *000703.2 — *oo4t1o f) [116] + (+ °008888 a + 027076 8) [3-3] 
+ (+ *000147a@ — °003749 8) [1°17] + (+ 1004542 a -+ ‘012690 8) [3°4] 
+ (— ‘ooo16g9 a — ‘003519 f) [1°18] + (— *001472a — +006650 £) [3-5] 
+ (— ‘ooo181a@ — *003511 £) [119] “+ (— 1907516 a —~ *025281 8) [3-6] 
+ (— 1001337 @ + ‘002508 f) [1-20] + (— +013345 @ — 042334 8) [57] 
+ (— ‘oo16o7a — 002236 £) [rar] + (= 7023275 @ — *068593 A) [3-8] 
+ (— 1002389 @ — ‘001371 A) [1°22] Indian, I...¥ + (+ *001653@ + *005547 f) [4-3] 
+ (— *002861 @ — ‘000787 A) [1°23] + (—. '001653 a — *005547 f) [4-2] 
+ (— *003079% — *ooosor A) [1°24] | Prussian... * + (+ *000737 — -o000994 B) [5'r] 
+ (— *004625a@ -+ ‘001819 8) [1°25] + (+ *000187 a — ‘ooozor f) [5:2] 
+ (— *004687a@ -+ ‘001920 8) [1°26] |. + (— ‘000924 a + *001295 £) [s5°3] 
+ (— ‘004908 a + *002298 f) [1-27] | Peruvian...* + (+ ‘003370 + ‘origio f) [6-1] 
+ (— 005966 a + *004276 8) [1°28] + (— *C03370a@ — ‘orsgio A) [6-2] 
+ (— '006881 a + *006210 8) [1°29] } anoverian* + (+ ‘001175 a — *o00969 f) [7°1] 
+ (— 1007078 a . + *006659 8) [1°30] . cb (— s00rr75@ + *000969 8) [7-2] 
+ (— *007650 « - "008003 f) [1°31] Danish ... * +- (+ ‘0008592 — ‘ooro18 B) [81] 
+ (— ‘009240 + '012235 f) [1°32] + (— ‘000859 @ + ‘oor0r8 8) [8-2] 
+ (— 1009303 @ +, °012416 A) [1°33] 

+ (— 1009313 @ + “012449 2) [1-34] 
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Corrections to the Latitudes. 


If in the expressions for the corrections to the latitudes we substitute the numerical values 
of u and v just obtained, we get the following system of corrections :— 


Stations. Corrections. Stations. Corrections. 

















Formentera + 2°58 Staro-Nekrassowka . — 2° 426 
Montjouy . + 4°808 | Wodolui . . . . .] + 1°261 
Barcelona . + 1°452 | Ssuprunkowzi . . .] .-+ 2°825 
1 Carcassonne — 0'425 | Kremenctz — 2'026 
Pantheon. . — 3°398 | Belin. . ., + 0°275 
Dunkirk — o'701 | Nemesch . — — 1°811 
| Jacobstadt . . . + 2°533 
| St.Agnes. . 4 1°228 | Dorpat. . . . .- — 1°437 
Goonhilly . 2°903 | Hogland . ., — 0°616 
THensbarrow 1°364 | Kilpi Maki — 0'968 
High Port Cliff 1°885 | Tornea . + 3°812 
Week Down 1°607 | Stuor Oivi — 1°404 
Boniface Down 1°828 — o°o16 


| Fuglenews . . . . 
| Dunnose | 
Blackdown 
Southampton . 
Greenwich 
Precelly 
Cambridgo 
Arbury 


Punne : 
Putchapolliam. 
Dodagoontah . 
Namthabad 
| Daumergida 
Takal Khera . 
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| Delamere . o°9g19 Kalianpur. . . . 156 
Clifton. 2°179 | Kaliana . S10 . 
South Berule . ' 
Burleigh Moor o°419 | Trivandeporum . . . | — 0°244. : 
Durham 1°185 | Paudree + 0°244 i; 
Ben Lomond . 1*891 i 
Kellie Law o°858 | Trunz. . . . 2. 2. | = 0°573 | 
| Ben Heynish . 1°850 | Kénigsberg . . . «| — 1°358 ' 
| Great Stirling o°515 | Memel. . . . . «© | + 1°Q31 f 
Monach 0°385 i 
Ben Hutig. . 1°356 | Tarqui . . . . «| — O°451 : 
| North Rona . ; 0°234 | Cotchesqui . + oO°451 : 
Balto. se. cx & 2°326 | : 
| Gerth of Scaw 2°185 | Gottingen. . . — 2°O12 | 
Saxavord . . . . . o:202 } Altona. . . . + 2°012 i 
Lauenburg . . . + 0°829 ; 
Lysabbel . — 0'829 


The sum of the squares of these 66 corrections is 219-360, and hence the probable error of 
a latitude 


J 2449+360 i ; 
= + -67450/ a5 2s = & 1-335 i 


This is not, however, the probable error of an observed latitude,—for this reason, that some 
of the points in the English arc have -already received a correction for local attraction. The 
corrections to the observed latitudes of these points will be—_ : 


High Port Cuff »- + + 1405 Dunnose + + «© «= 1-827 Kellie Law s+ + 6 «© + 1-202 
Week Down + + + + 09373 Clifton + + «6 «© — 3.079 Monach - + + + + ++ 0855 
Boniface Down + + + .0:592, | Burleigh Moor - » — 4131 Ben Hutig + + + + — 3-366 
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The sum of the squares of these corrections is 45-901; that of the corresponding quan- 
tities in the preceding table is 18-780, so that the sum of the squares of the corrections to the 
observed latitudes is 219-360 + 45-901 — 18-780 = 246-481, and the probable error of an 
observed latitude becomes— 


+ 6745 fa = 1-415 


This quantity is somewhat larger than that obtained: in. the non-elliptic fieure, but the 
difference is immaterial. 

If we would obtain the probable error of the ieee latitude of any point taken at 
random, it must be remembered that in the preceding calculation two Stations have been 
omitted on account of the large amount of deflection at those points; namely, Cowhythe and 
Evaux. The expressions for the corrections of the latitudes of these two points are— 


Cowhythe — 6-915 + 2-8048 wu ~ 0.8340 v + 2, 
Kvaux + = 70045 — 1:3378 u + 0-13600 + &, | 
Substituting 1 in these expressions the values of w v and 2, , they pecanie= 


Cowhythe — 10-110 
Invaux + — 7-613 


of which the sum of the squares i is | 160. 170. We may therefore take as the probable error of 
an observed latitude—.- 7 

5 ten CT 

pa 745 56 + 2 — + 1’ 786 


This quantity is affected to a small extent with errors in the different geodetical operations: 
the influence of these, however, is certainly very small; but their effect is obviously to render 
this quantity too large as ne ual of local attraction. We shall not probably be far 
from the truth in tang + 1.75 as the probable effect of local attraction upon an observed 


latitude. 
Determination of the Axes, §c. 


By means of the values of w and v, and the relation 6 AC — 5 B? = 0, we get for the 
radius of curvature of the meridian the following expression— 7 
e= 20890805 — 106673 cos 24 + 227 cos 4A 


And for the length of a meridian are whose amplitude i is d and mean latitude = 4, 
Ss = 20890805 ¢ — 106673 Cos 2A sin ¢ + 113-5 cos 4A sin 2¢ 
Tor the axes a and 6 we find— | 
a@ = 20926348 
b = 20855233 
a: b = 294.26 : 293-26 


479, PRINCIPAL TRIANGULATION. 


To find ne probable errors of these determinations, we remark that— - 


a involves — 2093-1 u + 696- 30 
b involves — 2086-1 u — 696-3 v 


a+b 


1 
“~a—b 





involves ~ 6» + 0? 
25 
The probable error of au -+ gv we have seen to be— 
4 
1335 ( -003801 a? + 004412 a8 + 1019038 *)° 


which, by making the proper substitutions, gives— 





a = 20926348 + 186 
b = 20855233 £ 239 
+¢ as ; = 293-76 + 1:06 


The mean degree of the meridian is 20890805 into the arc of one degree: it involves 


36°46 wz; hence, 
Mean degree = tee + 3:00 feet. 


from which it would follow that the length of the imaginary métre = 39°378240 + 000324 
inches. , 


§ VI. 


Examination of the preceding Results. 


We have now obtained results for the Figure of the Earth on two different hypotheses: in 
the first, the curve has been -left altogether indeterminate as to the constants A, B, C; in the 
second, a relation has been assumed between the three constants such that the curve must be 
an ellipse. In the first hypothesis, the mean value of a correction to an observed latitude is 
+ 2’’.064; in the second, the mean value is + 2”-098. On examination of the corrections in 
the two tables, it appears that the English arc and the Indian arc are equally well represented 
on either hypothesis ; ; the Russian arc is rather better represented by the elliptic corrections ; 
but the French are, especially towards its southern extremity, is not so well satisfied by the 
elliptic as by the non-elliptic curve. On the first hypothesis, the sum of the squares of the 
corrections to the six latitudes in the French arc is 30-513 ; on the second, it is 44-1207. This 
difference is. due almost entirely to the station Montjouy, at which there is apparently a 
northerly deflection exceeding in amount the mean quantity. Upon the whole, the number of 
Stations in the southern part of this arc is too small to bear much weight against the elliptic 


hypothesis. 
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- The following table shows the-differences of the two systems of values, and from it will 
be seen how small is the difference of the two figures, as far as represented by observed 
latitudes :—- 





Stations, c—c’ Stations. c—c’ 
Formentera + 1°308 | Staro-Nekrassowka . + 0°196 
| Montjouy . ++ 0°953 | Wodolui . . .q — 0'013 
Barcelona . + 0°950 | Ssuprunkowzi . — 0°183 
Carcassonne -+- 0'713. | Kremenetz — 0°208 
| Pantheon . + 0°084 | Belin . — 0°428 
{| Dunkirk — 0'089 | Nemesch . — 0°525 
| Jacobstadt ae Ee ORAS 
| St. Agnes . 005 | Dorpat . . ., «© « | — 0°482 
| Goonhilly. , o17 {| Hogland , a Jee ep ee O83 83 
| Hensbarrow 043 | Kilpi Maki — O°135 
| High Port Cliff o58 | Tornea +- 0°356 
| Week Down . 058 Stuor-Oivi + 0'°965 
Boniface Down 059 | Fuglenes . + 1°484 
Dunnose ._ *060 
Blackdown 065 | Punne s. ® — o° 821 
Southampton . "080 Putchapolliam - . « | — O*402 
Greenwich ‘117, | Dodagoontah . . . . | — o*149 
Precelly 146 | Namthabad . . «. «| + o°071 
Cambridge ‘160 | Daumergida » 2 « | - 0°296 
Arbury . ‘160 |} Takal Khera. . , +- 0°417 
Delamere. . . ‘206 | Kalianpur. ; + 0°422 
Clifton. ‘215 | Kaliana . 1. . + 0°167 


| South Berule . "236 


fe ee Oe Oe ee ee ee ee ee eee ee 


eoo0n0coodoOoOo OO F0OCAOOeCeC OOO OO oOdG AO Oo 


Burleigh Moor . °246 | Trivandeporum . . . =O" 096 
| Durham . . . "250 | Paudree . . 2. . «| + 0°096 
Ben Lomond .. "258 | 
Kellie Law “2597 (bTrung-. 22 140 w. 4 +- 0010 
Ben Heynish. . . . "256 | Konigsberg . .. . 0°000 
| Great Stirling . . . "238 | Memel. . . . «2. ]| = O*Ol10 
| Monach gt. *206 
Ben Hutig . . "198 | Tarqui — 0'293 
| North Rona . "169 =| Cotchesqui + 0°293 
Balta . "054. 
Gerth of Scaw "048 | Gottingen. -+- 0°048 
Saxavord . "O47 Altona. — 0048 
Raieabuce + 0°020 
Lysabbel . — 0020 


In the non-elliptic curve the axes, mean degree, and compression are larger than the corre- 
sponding quantities in the elliptic, as may be seen by the following table :— 








Quantities. | Elliptic. Non-Elliptic. Diff. 
a 20926348 + 186 20927197 + 385 849 
b 20855233 ct 239 20855493 257 260 
yet? 293°76 + 1°06 291°36 + 1°39 2°40 





Degreo | 364613°33 + 3°00 364624°57 + 5°36 | T1724 
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The quantities in the elliptic curve are all much more accurately determined, for it is more 
easy to determine a curve of two parameters than one of three. By combining. these axes as if 
they were independent results, we should obtain— 

a | | &@ = 20926509 
b = 20855354 
= 293:60 


mere 





All these linear results are in terms of O,, and depending upon the assumed value of the 
toise, and also assuming the toise to be identical in the different Continental measures. These 
assumptions must be to a certain extent erroneous; and therefore let us suppose that to reduce 
them all to the Ordnance Standard; the distances in the different arcs require the multipliers, 

ee 
IO00000 


G: 


~ French * © © 6© 2 28 2 4 Ce I + 





me Russian * : Pp e rs . e . < Ir a 
oe : - LOCO0O0 


Indian outh Tr 1 . e e ° Py I een Pe 
‘ ris Si Portion oe 100000 
Indian 7 PY e e e . e ue T —— 4 
: oe eres. * I+. T5000 
1 . * e a . . e e e ° 3 —— 
Prussian | i: oe 
96 
. 100000 
ITOO000 
Os 


IOO0000 





: Per uvian . * * e 8 e ) ° r I ob 
Hanoverian e * ° i) * e ee "@ - I -+- 
Danish ° * e : ® e e e e . * 1 + 


The consequent increments to the different absolute terms of the expressions for the 
corrections to the latitudes will be as follows, omitting the multiplier », page 737, which 
differs from unity by a very small quantity :— 














French. Russian. Indian, I. | Indian, I Prussian. Peruvian. | Hanoverian. Danish. 
— -404 0, | + -061 6, | — +355 6, Pa 7057 0, | + -018 6, | + +112 4 | + +073 8, | + -055 05 
— +307 6, | + -123 0, | — -253 6, | + +054 0, 

— +306 6, | + +1726, |. — +181 8, ; 
— +240 6, | + +2420, | — -106 8, 
— -038 8, | + +3366, | 
041 6, | + +402 0, 

+ +470 6, 

= 532 6, 

+ -624 0, | 

tr °739 O, | 

+ -842 6, | | 

| + +914 0; | 1 
| Z 
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- The consequent increment’ of au -+ gv is easily determined by means of the expression 
for that quantity previously given ; it is found to be— 


+ (- ‘018917 & = oneor B) 6, + (- 030806 « + 062416 6) 0, 
+ (- 012180 a — -038632 6) 6, + (- -000094.% — -000316 B) 0, 
+ (- "000047 & + -000065 6) 6, + (- "000377 & — -001334 6) Os 


a: (- -000086 a ++ -000071 6) 0, + (- 1000047 & -+ -000056 6) 0; 


If in this expression we make 2 = — 2093, 8 = + 696, we shall obtain the increment 
to a; and similarly, putting a = — 2086, 8 = — 696, the increment to J will result: their 
values are— 


da = + 37-85 0, + 107-92 0, — 1-400, — 0-02 0, 

+ O148, — O54. 05 + 0:23 0, + 0-14 Os 
db = + 41-206, + 20-82 0, + 52:30 0, +,0-42 8, 

+ 00560, + 1-71 05 + 0-13 4, + 0-06 % 

We may get rid of O, as the unit of reference altogether, in the following manner: Let the 
distances we have adopted in the different arcs require the following multipliers to reduce 
them to one standard unit :— 








& : Oo ie a] / 
English - - + + 2 5 © 8 ee 1 foe 
LOO000 
0! ; 
French ® e ® ° ® ° e e e ° I + ; 
- 4 100000 . 
: 6. 
Russian - + + © © «© © «© «© © T+} 2 
100000 
&c. &e. &e. 
: - | 6! 
z Danish: 4 2% w a &. @ 2 wt @ be ee 
“ TOCC00 


Comparing these multipliers with the former system— 


(1+ lis) (1+ sli) <1 + ol 
10000 1000007 ~ 100000 


6, = 0,' — 6,' 








The value of a and 8 will receive the increments 209- 26 6,’ and 20855 6,’; wherefore— 
a= 20926348 + 64:54 6,’ + 37-85 0, + 107-92 8, — 1-40 0,’ — 0-02 8,’ 
| + O40! — 0-14 Of + 0423 8! + 0-14 85! 
b = 20855233 + 91-86 0) + 41-20 6, + 20-82 6,’ + 52-30 6,’ + 0-42 8, 
+ 0056! + 1-71 05 + 0-13 8,/ + 0-06 85! 


3 7 = 293-76 + -1139 0! + -0144 8,’ — 3589 0, + -2222 6, + -oor8 8, 


— -0004 6, + -0076' 6)! — 0004 8,’ — +0003 8,’ 
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I'rom thésé expressions’ we see at a glance the relative influence of the different units of 
measure, and also how small is the influence of the smaller arcs in the final results. Colonel 
Lambton’s arc from Punne to Daumergida, about which there is some doubt as to the unit of 
measure, has unfortunately considerable influence in the determination of the a a and 


also of the minor axis. 
If we combine Colonel Everest’s arc from Daumergida to Kaliana with the English arc 


from St. Agnes to Saxavord, we get for wu and v this equation— . 
O = + 51-0759 + 56-2045 u — 9-8335 v 
O = — 201055 — 9°8335 u + 9°7506 v 

u=— 06645 : v= + 1-3918 


Weight of au -f- Bu = (.0216 a? -+- "0435 ap + “1245 a) 


Irom which we obtain the value of the mean degree = 364623-50 + 7-15 and a: 6= 


292°39 : 291-39; probable error + 2-67. 
By combining the same Indian arc with the Russian are, the relations for determining 


wand v are— 

O = + 92-8511 + 116-3957 u — 38-9285 v 

O = — 42-6110 — 38-9285 u + 24-4891 v 
w= — 00-4607 : v= + 1:0076 


Weight of au + pv = (.0183 a + -0583 aB + -0872 Be) 


From which we obtain the value of the mean degree = 364616-07 + 6-59 and a:b = 


294-58 : 293-58; probable error + 2-27. - 
The three arcs combined give the following equation :— 


O = + 145+9871 + 163-3818 u — 54-9690 v 
O= — 61-0593 — 54:9690u + 30-0692 v 
us — 05464 2 v= + 1-037 
Weight.of au + po = (0159 a? +0881 &B +-0864. e) 
T'rom which we obtain the value of the mean degree = 364619-19 + 6-14 and a:b = 


294.°44.: 293443 probable error + 2-26. 
Until the exact latitudes of the thirteen Stations in the Russian arc are known, we cannot 


state the precise elements best representing all geodetical operations. They cannot, however, 


be far from the following :—+ 


Mean degree of meridian ae 364616 feet of Ord. Standard. 
Ratio of semiaxes +--+ +++: (995203 3 294. 


With respect to the Indian arc, an examination of the corrections to the observed latitudes, 
either those at page 764 or those at page 770, will show that there is no indication whatever of 
any disturbance from the Himalayan masses. If there had been a larger number of astro- 
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nomical points in this arc—an observed latitude at ‘each. degree, for instance—they would bave 
added very greatly to the weight of the determination of the earth’s figure, and would, besides, 
have thrown much light upon the question of Himalayan influence. As it is, the points are 
so few and far between that the hypothesis of Archdeacon Pratt (at page 100 Phil. Trans. 
1855) as to the non-appearance of' any disturbing effect of the Himalayan masses has little 
_weight. It may, however, be improved in the following manner: Making use of the points 
Daumergida, Kalianpur, and Kaliana only, we may determine for any assigned system of 
latitudes an ellipse which will make the latitudes accord exactly with the measured distances. 
Let a, A, a, be the latitudes of these points as corrected to as mean n ellipse, so that the 
aieeiel jutitudes are— 
A, — 0705 5 Apt 3%I6 , A, — 17-81 

Now by means of the two equations in w and connecting the corrections to these three 
latitudes (page +67), it is casy to show by transformation that 

A, te; 5» AQ+te 5 As + §; 
will give these wines 


— 0:3856 + 1-8500 ¢, — 4-4446 €, + 2-5946 €, 
+ 10620 — 3-1098 ¢, + 6:6056 ¢, — 3°4958 ¢, 


Il 


From this it appears that (making ¢, = — 0”-05; ¢, = + 3”-163 ¢, = — 1”-81) ex- 
tremely erroneous values will result from the use of the observed latitudes ; more crroncous, 
indeed, than if (making «, = + 6-9; ¢, = 12”-0; ¢, = 27-8) we adopt the corrections 
for attraction assigned by Archdeacon Pratt. Let us therefore ascertain that ellipse whose 
deviation from the known figure of the earth (u = — 0-3856, v = + 1£-0620) shall be a 
minimum, while it exhibits errors in the observed latitudes the sum of the squares of the 
differences of which from the computed deflections shall be also a minimum ; that is, determine 
¢, stich as to render the quantity 


: («, _ 6-9) + (« — 12:0) + (« — 27-8) 


“+ a ( 18500 &, — 4:4446 €, + 2+5946 ‘:) 


F, &, 


3 
+ a (- 3:1098 €, + 6:6056 €, — 3°4958 ‘s) 


aminimum. The quantity @ is arbitrary; by increasing it our ellipse will approach the mean 
ellipse, but the quantities «, ¢, ¢, will increase their differences from the computed deflections, 
and vice versd. 

By making « ='I we get— 


3 


&, = 5°80 3 € = I1G-II 3 &, = 24°79 
ea = 0°3856 + 3-448 = 3-062 
= ++ 10620 + 1-718 = 2-780 
5 F 
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If we make a = 5 we get, ¢, = 8-04 3. ¢, = 16-01 3; ¢, = 22-653 and, 
u = — 0:3856 + 2-483 = 2-097 
v = + 1-:0620 -+ 1-573 = 2-635 


Neither, of these values of w and v differ very egregiously from the mean values. The 
corresponding corrections to the observed latitudes are as follows :— 





as I] ax 5 
G& = 20920328 Q@ = 209022247 
ai: b = 284-7: 283-7 a: b= 285-5 3: 284-5 
Mf fi 
Daumergida «++-+++00 +- 5°85 || Daumergida «-+++++ee. + 8-09 
Kalianpur sesrsceseree + 12-95 || Kalianpur +-++++++seees + 12:85 
Kalianzcsccccccccevees » + 26:60 || Kalianaessssee. seeeeees + 24°46 


The first of these sets of corrections is remarkably near to the computed results of attrac- 
tion, while the curve differs very little from the mean figure of the earth; in fact, the value of a 
differs only 574 feet from the value adopted by Colonel Everest for the basis of the Indian 
Atlas. It would make the arc more convex, raising the middle parts by fifty feet. There are, 
however, no grounds for the supposition of an irregularity of the earth extending over such a 
surface; and if we take into consideration the station Takal Khera, it becomes the more 
improbable, as the latitude of that point will differ altogether from what it should become 
on the supposition of Himalayan influence. 

The hypothesis of an irregularity in the form of the Indian are is merely the supposition 
of the existence of another disturbing force whose action is opposed to that of the mountains. 
Waving in itself no @ priori probability, and being unsupported by evidence, we must have 
recourse to the hypothesis of the Astronomer Royal for the most probable explanation of this 
phenomenon. It must be admitted, however, that the value of this measure is considerably 
diminished since the investigations of Archdeacon Pratt, contained in the Philosophical Trans- 


actions for 1855. 


The account of the Arc at the Cape of Good Hope is not yet sufficiently advanced to make 
it available in the determination of the Figure of the Earth. If the approximate data given at 
page 42 of the Professional Papers of the Corps of Royal Engineers (Vol. I.) be at all near the 
truth, the disturbances in this arc are extremely large: so much so that the measure would 
appear to be of little use, unless the number of observed latitudes has been considerably 


increased, 
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Lighthouse. Latitude. Longitude W. Lighthouse, | Latitude. Longitude W. J 
* ° i ‘i ° / “i ° i il Oo i il i 
Aberdeen . . . . | 57 8 32°9 2 4 5°6|Flatholm. . . , . | 51 22 30°6 7 <7 258 ] 
Aberystwith, . . . | 52 24 489 4. § 24°2 | Fleetwood, New. . . | 53 55 34°7 3 0 22°3 
Agnes (Saint) » 6 « | 49 53 30°8 6 20 40°6 | Ilectwood, Old . .  . | 53:55 42°12 30 27°9 : 
Air (mouth of Dee). . | 53 21 24°! 3.19 15:3 | Formby. . . . | §3 3% 19°3 3 3 §55°6 : es 
Annan River. ~ | 54 57 58°5 3.15 §3°5 | Happisburgh, Lower . 52 49 5°2 E.I 32 56°0 b 
Arran (Galway Bay) «| 53 7 90°3 9 42 6°3 | Happisburgh, rene . | 52 49 12°2 TE. 1 32 19°6 
Avon, . « | SE 30. 2°4 242 15°1 | Ilartlepool . . | 5441 4790} 1 10 26°7 | ' 
Ayr (Firth of Clyde) 4 6528. 879 4 38 rr°o| Darwich, 2... . | 51 56 38°3 Evi 17 25°1 t 
hh Point (Isle of Man) | 54 24 56°3 422 tr | Holyhead . . . . | 53:18 50°3| 437 7°6 5 
Bailey, S. E. Point of Si wane 6 , Hook Tower. ~. . «| 52 7 24°3 | 6 55 42°9 . 
Howth Peninsula j 53 ac 3°95°3) Howth . 2... 53 23 35°2 | 6 3 56°8 3 
Bardsey . . . . «| 5244 58°7| 447 55°0 | Hoylake. . . . «| 53 23 30°6 | 3 10 52°8 : 
Barnaby Moor . . . | 54 33 24°3 1 7 14°6] Hunstanton. . . «| 52 56 57°2 Eo 29 43°2 3 
Barra Wead . «ww | 55647 «82 739 9°5 | Hurst, Enst . . . . | 50 42 26°41! 31 32 56°7 7} 
Beachy Head’) . . | 50 44 15°0 | Evo 12 §7°8 | Hurst, West. . . . | 50 42 20°6 I 33 3°9 z 
Beeves . . . . « | 52 38 59°7 g 1 18'4|TIla Rhins . . . 2. | 55 40 23°3 6 30 44°0 ad 
Bell Rock . « . «| 5626 4°2 | 223 6'g]Inchkeith . . . «| 56 2 0°8 3 8 4°9. ‘ 
Berwick. . . . «| 55 45 53°3 158 57°4 | Inisgort . . . «. «© | 53 49 35°4 9 40 12°5 ae 
Bidstone. . 53 24 2°4 3 4 22°8 | Inistralml . . . «| 55 25 56°6 7 13 37°4 ; 
Black Rock (Liverpool) 53 26 38°7 3 227°6 | Isloof May . . . . | 5611 8°5 2 33-2125 i 
Black Rock (Sligo Bay) | 54 18 26°8 8 37 r'o | Isleof Glass. . . . | 57 51 25°9 6 38 27°4 4 
Bran Sands... 54 37 41°3 tr 8 317°5 | Kileradan. - « | 52 34 46°8 9 42 34°1 " 
Braunton Sands, Lower 51 4 16'9 4.12 19°t | Kallingholm, High ~ « | 53 38 48°8 O13 #I1°7 ‘es 
Braunton Sands or Bide- ‘ 18 _, | Killingholm, Low . . | 53 38 46°5 O 12 52°2 . 
ford x. 9 } 5b 4 13 4 12 5°3 Kingstown (East Pier). | 53 18 7°1 6 7 30°8 4 
Buchanness .. ~ | 57 28 14°5 1 46 22°o | Kinsale, Old Head .  . | 51 36 44°9 8 31 59°6 ue 
Budden Ness, Higher e| 50:28- 7°9 2 44 5§3°6 | Kirkeudbright . . . | 54 45 56°4 4 5 I'2 
Budden Ness, Lower . 56 28 1°5 2 44 37°0 | Leasowe,. . . . . | 53 24 46'4 2. 928° ; 
Burnham or Bridgewater | 51 14 54°3 259 52:1 | LeeScar. . . . «| 54 51 46°0 3 24 43°2 “| 
Caldy . oH 6 29. bok ‘4.40 59°5 | Lismore . . . . «| 56 27 20°7 5 36 22°6 4 
Calf of Man, Upper - | 54 3:13°9 4.49 37°O | Lizard, Fast. . . «| 49 57 34°5 5 12 4'0o 2 
Cantyre. . . - | 55 18 37°6 5 48 8°o| Lizard, West . . . | 49 57 34°! 5 12 7°3 : 
Cape Clear. . . . | 51 26 0 2°3 9 29 2°7 |] Lianddwyn Point . «| 53 8 5°7 4 24 51°8 4 
Cape Wrath. . . « | 58 37 33°r | 4 59 52°3 | Longstonc . . « «| 55 38 37°5 | 1 36 33° 5 
Cardiff, East . . . | 51 27 46°0 3 9 45°4 | Loophead , ~ « | 52 33 38°2 9 55 54°7 . 
Cardiff, West . . 51 27 46°0 3 9 47°4 | Lowestoft . . . . 152 29 11°6 | E.I 45 27°6 J 
Carlingford . . . «| 54 I .1r°2 6 4 40°7} Lundy . -. 2 1 Sh To° O24 4.40 20°2 . 
Claro Island. . - | 53 49 38°1 9 58 58°3 | Maiden Rock, N. eb shee Go a7 9 5.44 17°4 | 
Copeland. . . . . | 54 41 45°0 5 31 20°7 | Maiden Rock, S .« «| 54 55 41°8 5 43 50°2 “ 
Coquct . . . . «| 55 20 1°8 1 32 17°4 | Maryport . . . «| 5443 0°3 3 30 21'2 a 
Corsewall . . . 1 | 55 «(20 25°4 5 9 29°8 | Metal Man . . . | 54 18 13°3 8 34 30°3 ‘| 
Cromer . 2. . | 52:55 27°4 | Er 19 «65°6 | Mullof Galloway . . | 54 38 5°5 4.51 21°9 © 
Crosby . . . «© « | 53 30,49°9 3 3 45°2 | Mumbies. . . . . | 51 33 58°9 3 58 11°7 ; 
Cumbrac, New . . . | 55 43 16°2 457 56°8 | Mutton Island . . . | 53 15 14°0 9 3 10°7 oe 
Cumbrae, Old . . . | 55 43 «15°4 4.57 24°3 | Nash Point, East . . | 51 24 1°3 | 333 3°3 is 
Dungeness . . . «| 50 54 46°6 |I.0 58 18°2 | Nash Point, West . . | 51 24 2°4 | 3 33 I9°0 ; 
i Dunnet Head .  . . | 58 40 18°6 322 29°5 | Needles - . «. . «| 50 39 4o°I | I 34. 31°6 
Kaglo Island* ~ . | 54 16 59°9 |] 10 5§ 32°3 | North Foreland. . . | 51 22 27°6 | E.1 26 48°4 
Iiddystone . . . . | 50 10 49°4 4.15 53°4 | North Wall (Dublin) « [253 20.47°3 6 13 33°5 
Fannet . » « | 55 16 34°3 7 37 52°4| Orfordness,N. . . . | 52 5§ 35°6 | Te.r 35 12°4 
Tarn Island, NW. ; 55 36 590°5 I 39 20°7 Orfordness, Se 6 6 6 | §2 § ~«O2 |ELI 34 33°7 
Farn Island, $8. W. .  . | 55 36 55°2 139 15°0} Paull. . 2. «© . .) 5343 «7°2 O13 57°97 
Flamborough, New. . | 54 6 58:1 O 4.584) Peel sc, ae. 54.12 45°5 | 4 42 32°9 
| Flamborough, Old, sa - ess Pentland Skerries, Lower 58 41 25°! 2.55. 22°% s 
Telegraph Tower a ie i 5 Pentland Skerries, Upper | 58 41 26°0 2 55 23°4 x 


* In the “List of Lighthouses” published by the Admiralty, the latitude of this point is erroneously printed 
54° 7! °”, 
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- Lighthouse. Latitude, Longitude W. Lighthouse. _ Latitude, Longitude W. 
fe / i“ ° i a“ re] ‘ / °o / “l 
Pladda_ .. » | 55 25 30°5 5 7 1°97 | St. Catherine, Old . . | 50 35 29°7 I 18 5°9 
Plymouth Breakwater ~ | 50 20 2°2 4 9 27°3] St. John’s Point. . . | 54 13 34°2 5 39 30°2 
Poolbeg . - | 53 20 30°7 6 9 1°4] Stack (South) . . «| 53 18 23°4 4 41 54°5 
Portland, North Bill. 50 31 I7°9 227 17°g | Staples, East. . . » | 55 38 2°78 I 37 26°0 
Rhins of Ila. 55 40 23°3 |} 6 30 44°0 | Staples, West . . . | 55 37 1°3 I 39 14°9 
Roche’s Point (Queens- \ : 3 Z Start Point (Devon) . | 50 13 18°4 3 38 28°2 
| town) . . 5t 47 33°4 TS 14 Start Point Cen) . | 59 16 4r°6 2 22 30°O 
ea a North < we 4 59 23 522 222 10°2 | Stornoway . . . | 58 IX 29°9 622 9°79 
Seaham . - . | 54 50 19°8 I 1g 33°5 | Sumburgh . . . . | 59 51% 16°8 I 16 22°7 
Seaton . . . . 4 | 54 40 7°79 1 12 14°1 | Sunderland, No.1 . . | 54 55 5°4 I 2I 36°7 
Shields, North . . . 155 © 31°0 1 26 10°3 | Sunderland, No.2 . . | 54 55 7°5 I 21 30°! 
Skelligs, Great . . «| $51 46 5°8 | 10 32 28°8 Sunderland, No. 3. Se SEGS A205 I 21 31°2 
Skerries. . «ee | 53 25 «1574 4 36 25°8 | Swansea. . » « | 5I 36 54°9 3 55 44°6 
Skerryvore . . . .« | §6 19 23°9 7-6 46°o ( Tarbert. -«. we a we) $2.95: 30°! Q 21 47°r 
Skinburness. . . . | 54 52 46°6 3.22 46°1 | Tarbetness . . . «| 57 51 55°2 3 46 30°7 
Slyne Head, N.. . « | 53 23:59°4 | 1014 1°4 | Toward . > ve PSS Sr4a*9 4 58 42°8 
Slyne ead, S- - 6 «| 53 23: 55°5 | 10 13 58°g | Trevose Head eee cw OHO 32552 5 2 2°9 
Smulls . . . . «| 51 43 14°0 5 40 86] Troon « . . . . | 55 34 37°5 4. 41 38°6 
South Foreland. . . | 51 8 23°3 |r 22 22°1 | Tusear . . . . | 52 12 9°3 6 12 21:9 
South Rock . .  . w | 54 23 «56'5 525 4*r| Tynemouth . . . 1.155 %r 5°0 I 24 52°3 
Southampton Picr ... | 50 53 41°7 IZA 22°F 1OSk oO eg me ee pa PSP 32458 2 59 33°3 
Southerness . . . . | 54 52 21°9 335 37°4| Valentina. 2. . «© «| 51 56 o'r] 10 19 15'1 
Southsea Castle. . . | 50 46 38°9 r 5 14°5 | Walney Island . . 54 2 54.°5 3 10 33°3 
Spurn Head, High . . | 53 34 41°4| .0 7 10°8 | Whitehaven, Pier Head 5433 9°7 3 35 50°2 
Spurn Head, Low . . | 53 34 39°8 | .0 7 16°7 | Wicklow, Lower . «| 52 57 54°5 5 59 58°6 
St.Agnes. ~ . .. «| 49 53 30°8 6 20 40°6 | Wicklow, Upper . . | 52 57 54°0 6 0 5°4 
St. Ann’s, Lower . ./] 51 40 50°8 § 10 21°5 | Winterton . . . . | 52 42 45°2 |E.r 41 49°9 
St. Ann’s, Upper . «| 51 40 55°1 5 ro 28:2 | Wyre River. . . . | 53 57 12°5 3 I 46°3 
St. Bees. . » | 54 30 48°3 3.38 81 | YnysGadarn . . . | 53 23 13°4 4 35 11°6 
3 I 17 47°1 | 


St. Catherine, Now. . 50 34 30° 








The positions of these points were calculated with the following approximate data— 


@ = 20923713 , @: b = 299-33 + 298-33 
Latitude of Greenwich ...... 51° 28’ 38/30 


In order to correct these results, if necessary: Let @ w be the latitude and longitude calcu- 
Jated as above, and 2’ w’ the values that would have resulted from the following data (see 
page 712)— 

@ = 20927005 , a:b = 280-4: 279-4 
Latitude of Greenwich...... 51° 28’ 40-16 


The corrections a’ — a, and w’— a, are given in the following tables :— 
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7 82 PRINCIPAL TRIANGULATION, 


i nh es a 


VALUES OF A4/— A, 


Longitude, 
Lat. | 





Lat. 














VALUES OF w’ — w, 











Longitude. 

Lat. Lat. 

sj rf e]s fel] @] rie fos |e 
fe) f 4 i i“l tI dl 4 “i di ‘i fi ° 
49 | ooo | —org7 | —r1°95 | —2°92 | —3°89 | —4°87 | —5°83 | —6°80 | — 7°77) = 8°73 | — 9°70 | 49 
50 | or00 | 0°99 | —1°98 | —1°98 | —3°97 | —4°96 | —5°95 |. —6°93 | — 7°92 | — 8°91 | —.9°89 | 50 
5I | o700 | —I*or | —2°02 | —3°04 | —4°05 | —5°06 | —6'07 | —7°08 | — 8°08 | — g*og | —I0°I0 | 51 
52 | 0°00 | —1°04 | —2°07 | —3'10 | —4°r4 | 5°17 | —6°20 | —7°23 | — 8°26 | — g*29 | —10°31 | 52 
53 | 0°00 | —1°06 | —2°12 | —3°17 | —4°23 | —5°28 |’ —6°34 |.—7°39 | — 8°45 | — 9°50 | —10°55 |.53 
54 | O00 | —1°08 | —2°17 | —3°25 | —4°33 | —5°4r | —6°49 | —8°57 | — 8°65 | — 9°72 | —10°79 | 54 
55 | 0700 | —rerr | —2°22 | —3°33 | —4°44 | —5°54 | —6°65 | —7°75 | — 8°86 | — 9°96 | —11°06 | 55 
56 | or00 | ~—rerg | —2°28 | —3°41 | —4°55 | —5°68 | ~6°82 | —7°95 | — g*08 | —10°21 | —11°34 | 56 
57 | o700 | 1°17 | —2°34 | —3°50 | —4°67 | —5°84 | —7°00 | —8°16 | — 9°33 | —10°49 | —11°64 | 57 
58 | o'00 | —I°20 | —2°40 | —3°60 | —4°80 | —6°00 | ~—7°20 | —8°39 | — 9°59 | —10°78 | —11°97 | 58 
59 | O700 | —1°24 | —2°47 | —3°71 | —4°94 | —S°17 | 7°41 | —8°64 | — 9°87 | —Ir-0g | —12°32 | 59 
60 | 0700 | —1°27 | —2°55 | —3°82 | —5°09 | —6°36 | —7°63 | —8°g0 | —I0°r7 | —11°43.| ~12°69 | 60 
0°00 | —1°3E | 2°63 | —3°94 | —5°25 | 6°56 | —7°87 | —g°18 | —10°49 | —11°79 | —13°I0 | 61 
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ERRATA AND CORRECTIONS. 





Page 42, line 7 from bottom, for Plate I.” 
60 4, 9 4, top, » “Ben Hulig” ,, 
9° », 2 5, bottom, insert reading of R. O. . 


read “the Frontispiece. - 
“ Ben Hutig.” 
183° 23’ 30”°00 


117, Ref. Obj. at Happisburg, for 145 28 59° 61 reads T4527 59°61 
165 at Stede Hill, “ 104 12 1°93 ss 284.12 1°93 
198, line 3 from bottom, 4 1836 ‘5 1846 
19g 95 4 45 ”? y) _ gr eat ” —_ 2924 
2295 G3 top, 9 At ” A* 
247 99 2 5 ” ” (=) ) (=) 
ind (@ +f —~ a) sin 4 (a’ + f — a) 
247° 5, 2 4, bottom, . ia cic es 
sin 4 f +. 99 ° 2. t 
248 4 ting =a) Muga) 
29 ” 33 COS re =: 2 33 sin a - i: 
cos + (kK — cos = (x — 6 
249 » 5 » ” ” a i aC / 
| cos 4 (x — 6) 7 cos 4(« + 6 
251 12 yy 55 r ‘ : ‘ 
264 5, 2 5; » ” (33) ” (35)! 
266 4,12 4, ” ”? ty, Ur, ” us, VU; 
f 
268 12» ; ae oot 
I I 
270 55 4 45 99 2 289 rP 259 
396, IT y, top, ” GCB’ 99 GC'B' 
432, in A16.... a “ Knockaskagh ” -  Knocknaskagh.” 
435,in A18.... ‘ + 1°85 45 —1°85 
440, in A ae ae 3 422782 °84 95 42278°28 
445,inA 9Q.. 55 158109°76 5 158109°67 
488, in A 1. 5°00062260 5 5°00062460 
558, Height of Boniface Down, » ‘ 483°9 5 783°9 
559 oy Knock, 3 1149 °2 ‘5 1416*9 
619, line g from bottom, » {1 —esind(ar’ +a} 4 {1 — e? sin? 4 (Ay’ + a,) i 
624. 5, 4 4, top, » ~RkOcosasin(a’—a) 5 —hécosasin (a — a) 
693. » 2 5, bottom, ? — 0'1486 v 55 -+- 0°0969 v 
3 2 
715 33 12 5, top, ” —= 9 ie — 
7? 
3) 9» 14. ” 9 33 — Fd ovens a” — 7 ta ton 
» 917 9 9 ” zk 3°0 ) hrs 


Page 198. The latitudes given at page 198 as resulting from observations made with Ramsden’s Zenith Sector are 
affected with small errors : the correct results will be found at page 672. 

Page 270, The last figures, t.e., ¢enth decimals, in the small table page 270, aro not exact. 

Page 507. In the calculation of the distances of parallels between Clifton and Easington at the bottom of page 507, 
the errors of the observed azimuths, which were used, have produced an error of about — 2 feet: and in the next 
calculation, page 508, of the distance of the parallels of Easington and Burleigh Moor, a similar error, amounting to 

about -+- 1 foot, is produced ; hence the distance of parallels of Dunnose and Burleigh Moor, as given at page 508, is 
nbout a foot too small in consequence of the errors with which the azimuths employed are affected. See page 685, 
Page 558. The (recently) levelled height of Cowhythe is 254°4 fect. 
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